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Grand Central Rocket 
Sets Altitude Record in 
‘'Operation Far Side’”’ 


The Air Force has confirmed that it recently fired a 
rocket to a height of more than 4,000 miles above the 
earth’s surface. The 1900-Ib. research vehicle with its 
31/-lb. instrument package was launched from a bal- 
loon-supported platform, 20 miles above Eniwetok 
atoll in the Pacific. 

Ten solid propellant rocket engines powered the 
multi-stage missile on its mission into outer space at a 
velocity in excess of 17,000 mph. The third stage con- 
sisted of a cluster of four Grand Central ARROW II 
rocket engines, and the fourth and final stage of a 
single ARROW II. 

Because of demonstrated performance and reliability, 
Grand Central Rocket Co.’s ARROWS were selected 
by Aeronutronic Systems, Inc., a subsidiary of the Ford 
Motor Co., to play this prominent role in the Far Side 
Vehicle. 


Grand Central 


KK CO. 


REDLANDS, CALIFORNIA 


Grand Central Rocket Co., with its selected scientists, 
engineers, and administrators, is constantly enga ged in 
the research, development, and production of solid 
propellants, solid propellant rocket engines, and com- 
ponent parts to further serve industrial, scientific, and 
military agencies. Grand Central would like to work 
with you on your propulsion problems. 


ENGINEERS AND SCIENTISTS: 
employment inquiries are invited. 
Write Personnel Manager, 
Box 111, Redlands, California 


| 
A H 
i 
¥ 
“ 


/ G a 


MISSILE 
SERVICE, 


You worry about the missile...let Packard Bell Elec- 
tronics take care of ground support! Proven perform- 
ance in this field has resulted in a separate missile 
equipment section devoted exclusively to ground test 
and launching equipment. Here, in a 21,500 sq. ft. facil- 
ity geared for short run production, experienced man- 
agement shoulders complete responsibility. Here the 
most radical design changes are absorbed during the 
process of development. Here direct assembly super- 
vision by production engineers eliminates costly and 
time-consuming delays. A reliable source, any way you 


look at it. And a reliable way to rid yourself of a major 


headache! 


ENGINEERING 
BEYOND 
EXPECTED 


DESIGN —When time dictates, avail- 
able equipment can be adapted to 
your specifications. But you receive 
custom design, beyond the expected, 
when you need it. For example, the 
transistorized MAGAMP power sup- 
ply (right). This unit provides a 
faster response time... a lower over- 
shoot and undershoot...and remote 
regulation at longer distances than 
has ever been achieved before with 
this type of power supply. 
DELIVERY—A contract from Doug- 
las Aircraft for “Thor” test equip- 
ment was awarded in March 1956. 
A total of 100 units, comprising 30 
different units, was delivered before 
deadline in November. On-time de- 
livery at its best...delivery beyond 
the expected. 


This transistorized The MAGAMP has a surge capacity of 400% overload 
MAGAMP power sup- for 2 seconds. Regulation at the load is 1% or better. 
ea rane lap Recovery time is less than 50 milliseconds. Overshoot 
aaadiebe: regulated at and undershoot are less than 25%, with a 30% change 
a load up to several in load. (Seale in above photos: 5V/CM and 
hundred feet away. 10MS/CM.) 


Missile Equipment Section 
Technical Products Division 
12333 W. Olympic Bivd. 

Los Angeles 64, Calif. - BRadshaw 2-2171 
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Newly designed—to meet critical space and weight requirements. Front panel 
makes possible cantilever mounting of several units horizontally or stacked in 


tiers. 


Mounting panel is only 13 inches square. Overall length is 18 inches—weight 
approximately 18% pounds depending upon capacity. 


Amazing efficiency! 10 to 15 KW power absorption per unit—up to 2350 BTU’s 
of heat dissipation per pound of weight. No other type of power absorber, air 
or water-cooled, can begin to match this performance. 


Exceptionally well suited to aircraft and guided missile testing and service 
equipment, this unit has many commercial and industrial applications, too. 


You'll want to investigate this versatile unit for your own power absorption 


requirements. Write today for full details and specifications. 


CORPORATION | 
j 


CHICAGO AERONAUTICAL DIVISION: 6325 Avondale Ave., Chicago 31, Illinois 


LOS ANGELES AERONAUTICAL DIVISION: 6703 Sepulveda Bivd., Los Angeles, California 
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Dow high temperature magnesium alloys 
have excellent fabrication characteristics 


Lightweight structural metals with high 
strength, stiffness and elasticity at elevated 
temperatures! A new group of Dow mag- 
nesium alloys offers a great combination 
of these properties without the fabricating 
difficulties normally experienced with other 
high temperature materials. 


Specially developed for use in airframes, 
missile and engine structures, the new 
alloys are already making weight reductions 
possible for several manufacturers. These 
alloys show advantages at temperatures up 
to 700°F. Limited test data on properties 
up to 800°F. are available for some of them. 


FABRICATION: Fabrication characteristics 


are equal to those of standard magne- 
sium alloys. 
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WELDABILITY: 95 to 100% weld effi- 
ciency at elevated temperatures. 


FORMABILITY: Single deep draws can 
be easily accomplished. 


MACHINABILITY: Best machining char- 
acteristics of any structural metal. 


One of the new alloys is magnesium- 
thorium composition HK31A. It is now 
available in rolled form from stock, Cast- 
ings and sheet in mill quantities are also 
readily available. A companion alloy for 
extruded shapes and forgings will soon be 
in production. 


For more information about the new high 
temperature magnesium alloys, contact 
your nearest Dow Sales Office or write 


YOU CAN DEPEND ON 


to THE DOW CHEMICAL COMPANY, Magnesium 
Sales Department MA-362VV, Midland, 
Michigan. 


EASILY FORMED. These HK31A_ parts 
were drawn using production dies and 
rocesses for standard magnesium alloys. 
he parts retained a higher percentage of 
original properties than standard alloys. 
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at press time 


Up-to-the-minute news about the rocket, guided missile and jet propulsion fields 


SATELLITES e All eyes are on Cape Canaveral—or so it seems to the hard-pressed inhabitants. 
Big news, of course, was the failure of first U. S. satellite try due to loss of thrust 
shortly after first-stage ignition. 

Now the world is waiting for the second satellite shoot. Navy is already pre- 
paring another Vanguard vehicle and satellite for launching. This time, the Navy 
hopes there will be less publicity and pressure on project personnel. However, 
the Army, readying a Jupiter C for a satellite launching, may do the job first. 


MISSILES ¢ Air Force made first successful Atlas firing on third try. First two firings went 
awry and missiles had to be destroyed by ground control. 


¢ Meanwhile, the day after the first Vanguard failure, the Air Force launched its 
seventh Thor IRBM. It landed short of the intended target area. Another Thor, 
fired about two weeks later, went the distance, giving the Air Force about a .500 
average for its first eight firings. 


IGY ¢ NRL will fire six to eight instrumented rockets in IGY solar eclipse program in 
October. Shipboard launchings in Southwest Pacific are planned, with all the 
rockets (Nike-Cajuns or Nike-Asps ) to be fired within a period of four minutes. 


RED ¢ Col. John Stapp, newly elected ARS vice president, has been named coordinator 
and advisor to Brig. Gen. Donald Flickinger, ARDC chief of Human Factors, on 
“Man in Space” research program, concerned with development of manned orbital 
satellites and manned space flight. Col. Stapp’s job will be to organize aeromedical 
resources. 


e Aerophysics Development Corp. recently completed a feasibility study for the 
Air Force on balloon-launched rocket firings. Company concluded elevation and 
azimuth of rockets could be controlled and monitored in launchings up to altitudes 
of 100,000 ft. 

Aerophysics is also working on a number of other projects. Among the more 
interesting: A small, inexpensive furnace that will produce temperatures of 2500- 
3000 C; a low-cost plasma jet generator; and extruded rocket bodies. 


¢ According to well-informed sources, Lockheed Aircraft Corp., already a leading 
producer of missile airframes, is now seriously considering going into the rocket 
engine business. Company has a newly organized facility on the West Coast that 
could be used for production. 


e Stauffer Chemical Co. is working under contract to the Navy on development 
of high-temperature polymers for missile applications. Polymers are based on 
fluorine, contain boron and a minimum of carbon; and, according to one company 
spokesman, will withstand temperatures above 500 C. Some possible applica- 
tions: Imbedding compounds for electronic parts, wire coatings, hydraulic fluids 
and propellant expulsion bags. Stauffer stresses polymers’ advantages in those 
tasks calling for contact with propellants. 


® Bell Aircraft is pushing small hydrogen peroxide rockets for missile control ap- 
plications, particularly for jobs where throttleable control is needed. Developed 
by Bell in connection with its work on the early X-planes, the peroxide rockets will 
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produce 40 to 50 Ib thrust. Duration would be limited only by size of peroxide 
tank. 


¢ A long series of accidents involving amateur rocket experimenters is alarming 
responsible groups who feel such work should be supervised by those with know. 
how and should take place under the same conditions as professional projects. 

Some ARS sections have already begun doing something. The work of the 
National Capital Section, as described by Lt. Col. C. M. Parkin at a luncheon 
at the Annual Meeting, deserves particular commendation. This program 
includes professional evaluation of each amateur project and arrangements for test 
firings on government ranges when indicated by the evaluation. 

Up along the Niagara Frontier, Robert Roach, a preliminary design engineer 
from Bell, has been waging a one-man campaign for a “safe and sane” amateur 
rocketry program for high-school youths. At the Annual ARS Meeting, Roach 
found an attentive audience in some Grand Central Rocket Co. personnel who 
expressed interest in producing a small, safe solid propellant rocket motor for the 
amateur market. 


e Latest word from University of California is that over 1000 persons have regis- 
tered so far for the course in Space Technology which gets under way this month. 


¢ Market for missile propellants apparently is shaping up as less of a gamble than 
was first thought by major chemical process industry firms. 

Dow Chemical Co., already in the missile field with its magnesium alloys, is 
now taking the first step toward production of rocket propellants—and an unusual 
first step it is. Company is going to missile makers asking them what is wanted 
or needed in the way of propellants. 

On a somewhat more tentative level, Conoco (Continental Oil Co.) representa- 
tives are sounding out leading liquid propellant men on possibilities and potentials 
of specific high-energy chemicals as future missile propellants. 


¢ The possibility of using hydrogen as a rocket fuel seems to have passed beyond 
the conjectural stage. Trade magazine Chemical Week reports three AF 
projects, code-named Baby Bear, Mama Bear and Papa Bear. (One source 
refers to them as Little Bear, Middle Bear and Big Bear. ) 

Baby Bear is reported to be a pilot-plant operation in Painesville, Ohio, and the 
other two are said to be large-scale versions at Cape Canaveral. Air Products and 
Linde are the two firms involved in the projects and are believed to have received 
$100 million for the work. : 

Until recently, two major drawbacks to the use of liquid hydrogen have been 
storage and handling. Now scientists at the Bureau of Standards have developed 
a new technique that is said to ease the problem significantly. It involves the 
conversion of unstable orthohydrogen into stable parahydrogen, using hydrous 
ferric oxide as a catalyst. 


¢ Defense Dept. may convert Army’s 40th Field Artillery Missile Group into the 
first IRBM team and send it abroad late this year . . . U. S. and England have 
agreed to establishment of four IRBM squadrons (three British and one Ameri- 
can) in England. Sites will cost $84 million, to be borne mostly by Britain . . . 
Air Force will spend $46 million on construction of four Bomarc sites to be set up 
at Bangor, Me.; Falmouth, Mass.; Westhampton Beach, L. I.; and Wrightstown, 
N. J. . . . Convair has installed huge 100-g centrifuge for Atlas test program . . . 
General Bronze Corp. has completed design of a 400-ft radio telescope for radio 
astronomy applications . . . ARDC reports that a new General Electric high tem- 
perature, silicon hydraulic fluid has proven itself in the temperature range from 
—65 to 575 F . . . Commercial Solvents Corp. recently released technical data 
sheet No. 23D on “Use of 2-Nitropropane as a Rocket Fuel.” 
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T-42 in missiles, rockets, satellites 


“Tonizati i hind it 
The T-42 looks like such a little thing. Hardly seems worth the name ne Ma agama wb 
ie i i i i und itse - 
i i troduced by Decker it has fo 
is big... So big that in the few short years since it was in its he 
7 mame of every major U.S. rocket and missile. And there is space reserved for it in our satellite 
mentat 


THE. DECKER @ CORPORATION Bala Cynwyd, Pa. 


i ionizati i ischarge 
henever a new development takes place, it is based on ionization and electrical gas discharg 
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In Sputnik’s Wake: Soviet Claims 


The initial amazement and chagrin 
of the Western world following the 
launching of the first two Soviet satel- 
lites soon gave way to deep concern. 
During these early days, the Russians 
fully exploited the rich propaganda 
potential of her scientific coups, and 
found the West willing to believe al- 
most anything. 


Gullibility Draining Away 


Now, even while the satellites are 
still orbiting, this gullibility is begin- 
ning to drain away, and the healthy 
scientific skepticism of old is taking 
its place, meeting each new Russian 
claim as it appears. Items under con- 
tention: 

e Soviet scientist Vitaly Ginzburg 
claims the satellites have opened the 
way to experimental proof of Einstein’s 
theories of the cosmos and to solution 
of other major astronomical problems. 

e According to scientists who at- 
tended the recent meeting of the Bri- 
tish Institution of Electrical Engineers, 
the Soviet satellites have yet to reveal 
anything particularly new about the 
boundaries of space around the earth. 

¢ Diameter of the earth, according 
to Soviet scientists, is 26.7 miles less 
through poles than through equator. 
It’s 27.3 miles less, say Western scien- 
tists. And a close check on the migra- 
tion of the satellite orbits (caused by 
the equatorial bulge) corresponds 
closely with the pre-sputnik estimate 
based on the 27.3 mile difference of 
the Westerners, according to calcula- 


Reserve Units Get 
Missile Training 


Reserve Patrol Squadron 834, based 
at Floyd Bennett Field, Brooklyn, 
N. Y., recently became the first Naval 
Air Reserve Squadron to fire guided 
missiles as part of regular training. 

Missile used by the unit was the 
air-to-surface Petrel, designed for ac- 
tion against surface ships and sub- 
marines. Capt. James H. Newell, 
commanding officer of NAS, New 
York, stated that increasing emphasis 
is being placed on antisubmarine war- 
fare because of the substantial in- 
crease in submarines produced by Rus- 
sia since World War II. 

The Air National Guard has mean- 
while started to re-equip its 123rd 
Fighter Interceptor Squadron (Port- 
land, Ore.) with F-89H aircraft. The 
F-89H is the late model Northrup 
Scorpion, which is equipped to carry 
the Falcon air-to-air missile. 
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Five-second exposure of Sputnik II. 


Picture was taken by ARS Central Cali- 


fornia Section members at Santa Barbara at 5:30 a.m., Nov. 6. 


tions of scientists at the Smithsonian 
Astrophysical Observatory. 

eDr. A. Varela Cid, director of 
Portugal’s Centro de Estudos Aero- 
nauticos, doubts that the Russians 
have actually launched any satellites 
and challenges them to prove it. 

“This test proof should take place, 
at a locale to be agreed upon, at three 


Paralleling these moves, according 
to a recent announcement by Secretary 
of the Army William Brucker, is the 
conversion of Army National Guard 
antiaircraft artillery units to Nike 
ground-to-air missiles. 


Artificial Meteors 
Successfully Fired 


The Air Force recently revealed 
that on Oct. 16 a research team from 
the Air Force Cambridge Research 
Center had fired small, artificial me- 
teors out into space from Holloman 
Air Force Base. 

The meteors, fragments of alu- 
minum about the size of small ball 
bearings and weighing only a few 
grams each, were propelled by three 
shaped charges fitted into the nose 
cone of an Aerobee. The nose cone 
separated from the rocket at an alti- 
tude of 35 miles. At 54 miles, the 


astronomical observatories, during a 
moonless night when it will be pos- 
sible to confirm the altitude of 12,750 
km, which already corresponds to a 
speed of approximately 9000 meters 
per sec, this speed having been 
granted a certain bonification in rela- 
tion to the speed of the artificial satel- 
lite.’ 


three charges—weighing between 2 
and 5 lb and from 6 to 8 in. long— 
were detonated simultaneously. 

The resultant speed of the small 
aluminum fragments was estimated to 
be 40,000 mph and it is believed that 
at least two of the pellets had escaped 
the pull of the earth’s gravity and 
would end their interplanetary trip by 
speeding into the sun, some 93 mil- 
lion miles away. 

According to Maurice Dubin, physi- 
cist in charge of the project, this may 
well be the first time that man has 
propelled any object beyond the 
earth’s gravitational field. 

Fritz Zwicky, California Institute of 
Technology, and T. C. Poulter and 
M. C. Kells, Stanford Research Insti- 
tute, made and mounted the shaped 
charges. The experiment itself was 
suggested by Dr. Zwicky (see August, 
1957, AsTRONAUTICS, pages 48-49), 
and was first tried with German V-2 
vehicles in 1947. 
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REINFORCED PLASTI 


ASTROLITE .. . a remarkable new high temperature 
= material for Rocket and Missile insulation applications! 


os Out of HITCO’s high temperature laboratories comes ASTROLITE...a Refrasil-reinforced plastic with 
o impressive resistance to extremely high temperatures. 

The excellent thermal shock characteristics and other outstanding physical properties of ASTROLITE make 
it an ideal insulation material to aid in Man’s successful exploration of Space. 


ASTROLITE is already proposed for use as liners for rocket engines and nozzles, nose cones for Interconti- 
nental Ballistic Missiles and heat shields to protect critical components. 


Complete technical data and dramatic proof of ASTROLITE’s remarkable resistance to extremely high 
temperatures to 5000°F. and higher...is yours for the asking. Write to Director of Research. 


H. |. THOMPSON FIBER GLASS CO. —_ FREE NEW CHART! | 


REFRASIL BLANKETS THERMO-COUSTI THOMPSOglas REINFORCED PLASTICS HiITCORE NEYCOMB 


WRITE ons ‘ Ly YOUR NEAREST H!ITCO REPRESENTATIVE: EASTERN: Tom Kimberly, 38 Crescent Circle, Cheshire, Conn., BRowning 2-6544 © MIDWEST: Burnie L Weddle, 

3219 Wes (ah eet, Indianapolis 22, Ind., WA 5-8685. © SOUTHWEST: Marshal! Morris, 3515 Covert Avenue, Fort Worth, Texas, WA. 3-8098 ®© NORTHWEST: J. L. Larsen, 

5757 Oak! ance ids Seattle, Wash., MOhawk 9311 © CANADIAN PLANT: THE H. 1. THOMPSON CO. OF CANADA LTD., 60 Jotnston Street, Guelph Ontario, Telephone: TAylor 2-6630 
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ADMINISTRATION 


© Impact of the “single manager” concept on anti- 
missile and outer space programs probably won’t be 
revolutionary. Dismayed at first by what seemed 
an imminent breakup of existing facilities and man- 
power pools, the services—and industry—have been 
reassured, What is likely is a tightly-knit group on 
the Defense Dept. level, with controls running to 
units that remain administrative adjuncts of the 
armed services. 

Heavy emphasis will be put on elimination of 
interservice quarreling. Fast and effective use of 
research and development facilities is the major 
objective, but there’s no question that worsening 
interservice warfare brought about the single man- 
ager concept. And, if this solution doesn’t work, 
Defense Secretary McElroy can be expected to take 
more drastic action. 


® Pentagon also hears that Paul D. Foote, now 
Asst. Defense Secretary for Research and Engineer- 
ing on a recess appointment, will withdraw before 
his nomination—blocked last summer by conflict- 
of-interest problems—is resubmitted to Senate. By 
increasing power of Missile Director William Hola- 
day and appointing a Single Manager for anti-mis- 
sile missiles and space projects, McElroy appears to 
have subordinated the job held by Foote. 


® Defense Secretary McElroy is proving receptive 
to projects for reconnaissance satellites, rocket-glide 
vehicles and similar far-reaching concepts. Insiders 
predict Bell and Lockheed contracts in this field are 
only a starter. 


¢ AF announced “breakthrough” by exhibiting new 
space suit that will be worn by pilot of the X-15. 
With novel back pack containing automatic controls, 
suit protects against heat or cold, loss of cabin pres- 
surization, failure of plane’s oxygen system, and 
flash fires and wind blast. When X-15 flies some 
time this year, it’s expected to reach 200,000 ft 
altitude and speeds in excess of 4000 mph. 


¢ Impressed by recent briefings on Nike-Zeus, the 
Office of the Defense Secretary is prepared to pour 
more money into the project. 


e Army is studying a variety of anti-satellite con- 
cepts. One of first papers was in terms of a little 
“anti-satellite satellite,” and was code-named Proj- 
ect Burro. Interception and creating a meteor 
shower in enemy satellite’s orbit are two of the 
ideas being appraised. 


MISSILES 


¢ Production of Thor and Jupiter is expected to 
accelerate rapidly. Douglas should hit six-a-month 
rate with Thor by early Spring, while combination 
of Redstone Arsenal and Chrysler will produce five 
Jupiters monthly somewhat later in the year. 
Chrysler’s production line for Redstone may be 
slowed, but Pentagon considers this a low-priority 
item and isn’t disturbed. Ultimately, all Jupiter 
production will center in Chrysler's Michigan mis- 
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News highlights from Washington 


sile plant, but Redstone Arsenal will have to pro- 
vide many components for a while. 

e Army, vastly encouraged by Defense Secretary 
McElroy’s openmindedness on_ roles-and-missions 
problem, sees real hope that limitation of its missiles 
to 200 mile range will be changed. An improved 
version of Redstone, with better than 500-mile 
range, is coming along rapidly, and Army is opti- 
mistic about chances of building and operating it, 
That’s real reason for graceful acceptance of pro- 
duction slowdown on present Redstone, necessi- 
tated by decision to build Jupiter in quantity. 


® Ground handling equipment and_ well-trained 
military personnel will be new bottlenecks to plague 
IRBM program now that Jupiter and Thor have 
been ordered into production, Army’s develop- 
ment work on Jupiter ground handling equipment 
is unfinished, and rapid procurement of this kind 
of hardware will be a problem for both missiles. 


FACILITIES 


e Army and AF are pushing different plans for 
IRBM bases overseas, even though AF will have 
over-all control of both Thor and Jupiter units, 
Army believes Jupiter units can be reasonably 
mobile, despite problems involving LOX produc- 
tion and pressure fueling of the missile. It’s there- 
fore sketching organization of self-contained IRBM 
unit—cooks to missilemen—than can move period- 
ically and avoid being zeroed-in by enemy. 

AF plans for Thor unit are less ambitious, since 
it expects many of its missiles to be put on existing 
SAC bases, where housekeeping facilities already 
exist. 


© Accelerated missile program is putting a strain 
on testing facilities at Cape Canaveral. Result: 
Development of a fairly long-range test facility on 
West Coast is likely. 


SPENDING 


¢ A substantial hike in defense spending is more 
likely than ever. While fiscal 1958 expenditures 
will hover around $39 billion, Congress will vote 
enough new money this year to boost the total con- 
siderably higher in fiscal 59-60. Pentagon esti- 
mates that if all missile, satellite, outer space and 
orthodox weapon programs go forward, defense 
spending could hit $45 billion within three years. 

First acknowledgment of the trend may be a re- 
quest, early in the new session, for a fiscal 1958 
supplemental appropriation. It could run to $500 
million. 


® When production lines begin to roll, Defense 
Dept. estimates IRBM’s will cost about $1 million 
each. Total number being bought isn’t firm yet, 
will depend somewhat on results of NATO confer- 
ence and decisions on European deployment. 
Chance that solid propellants will take over IRBM 
field (solid fuel Thors are reportedly already in an 
advanced state of development) will also be factor 
in determining when to cut off production. 


Above you see an extremely complex body section of a 
missile being finish machined on a horizontal boring mill. 
You are looking at another intricate example of Diversey 
skill and craftsmanship. A visit to our plants would show 
you many comparable jobs that would astonish you. 

At Diversey you have the LARGEST FACILITIES exclu- 
sively devoted to your missile metal machining problems. 
You work with fast, precise, and progressive technical 


people who know what works and what won't. Bring your 
tough jobs to Diversey. 


HYDROSPINNING 
NOW AVAILABLE 


A new Hydrospinning Division has 
been formed at Diversey which uses 
the latest and largest equipment to 
produce intricate missile parts. 


SEND 
FOR 
FREE 

BOOKLET 


LEADERS IN CONTOUR MACHINING 


ENGINEERING COMPANY 


10550 WEST ANDERSON PLACE 
FRANKLIN PARK, ILLINOIS « A Suburb of Chicago 


FROM NOSE TO NOZZLE, FROM FIN TO FIN, CONTOUR TURNED PARTS—WITH PRECISION BUILT IN 
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in print 


Rocket Power and Space Flight, by G. 
Harry Stine, Henry Holt & Co., 
New York, 1957, 182 pp., illus- 
trated. $3.75. 


Reviewed by Howarp S. SEIFERT 
Ramo-Wooldridge Corporation 


G. Harry Stine, in a style which is 
vivid but youthfully extravagant, has 
addressed himself to the hot rod and 
hi-fi set in their own language to de- 
scribe the rocket and missile business 
as he saw it from his vantage point as 
a test engineer for the Navy at White 
Sands Proving Ground. As a docu- 
ment for stimulating the interest of 
young men from 15 to 25, his book 
succeeds in “cutting the mustard,” to 
borrow the author’s phrase. 

Mr. Stine was trained as a physicist, 
and in the first chapter does a reason- 
ably good job of explaining reaction 
propulsion and nozzle flow in simple 
terms. Many of the chapters are fol- 
lowed by short addenda which con- 
tain tables or equations. There is 
some question in my mind, however, 
whether bare definitions, such as those 
of L* and c* stated at the end of 
Chapter 1, will be meaningful to a lay 
reader. 

Chapter 2, on hazards, is directed 
toward the do-it-yourself experimenter. 
Mr. Stine assumes that boys cannot be 


prevented from playing with rockets; 
the best thing to do, therefore, is give 
them advice on safety. The author is 
in a good position to do this, as he 
has carried out a number of his own 
backyard experiments. 

Chapters 3, 4 and 5 discuss solid 
rockets, liquid rockets and aerody- 
namics, although not under such pro- 
saic titles. The chapter on liquid 
rockets, for example, is headed “The 
Controlled Catastrophe.” The author’s 
description of the uncontrolled catas- 
trophe to Viking No. 10 (not the fam- 
ous one which tore loose from _ its 
moorings during static test) reminds 
this reviewer that, if research direc- 
tors could be persuaded to allow only 
a few of their shots of rocket failures 
to be released, a most dramatic film 
could be assembled. Chapter 4 con- 
tains an erroneous statement (p. 60) 
that the Mach number of a rocket ex- 
haust equals the number of shock 
diamonds it contains. 

Chapter 6, on testing, reliability and 
telemetering, contains a typical Aero- 
bee count-down which should interest 
prospective rocket pilots. Chapter 7 
describes, in journalistic style, a firing 
of the Aerobee-Hi sounding rocket not 
omitting a description of the emer- 
gency impact predictors, a roulette 
wheel and a ouija board. 


THOR AND JUPITER: Production 


IRBM’s to Go 


plans get green light. 


The National Security Council has approved Air Force 


plans for the production of the Thor IRBM, contingent 


Into 
Production 
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upon DOD spending schedules. 
Jupiter IRBM also received official okay. 
that council members have seen some rather convincing 
evidence to back service’s claims for missiles. 


Production of Army’s 
Indication is 


Chapters 8, 9, 10 and 11 are de. 
voted to satellites, space medicine, the 
orbiting space station and speculations 
on planetary travel. They are lively 
and sufficiently short not to tax read- 
ers with a limited attention span. The 
final chapter is an inspirational appeal 
to readers of all ages to join the rocket 
fraternity, and is followed by a use- 
ful list of societies, schools and cor- 
porations doing work in the field. 

Mr. Stine’s book is based on valid 
experience at White Sands Proving 
Ground, and his descriptions of experi- 
mental procedures have an authentic 
ring. His technical statements are for 
the most part physically correct (with 
the exception noted, and the spellings 
of “brisance” and “discrete” on pages 
22 and 96). I believe he has written 
a book which can play a unique role 
in interesting younsters, and which 
should be placed in their hands, 
(That is, if they can afford it! It is an 
interesting commentary on the pub- 
lishing business that this volume of 
182 pages costs just 10 times as much 
as Mr. Stine’s preceding book of 191 
pages on satellites. ) 

Mr. Stine’s style is so vivid and 
hortative (even hyperbolic) that he 
may be regarded by some as the Billy 
Graham of rocketry. 


BOOK NOTES 


An official general history of the 
U. S. Air Force and its predecessors, 
prepared by the AF Historical Div. in 
cooperation with the editors of Air 
Force Magazine, has just been pub- 
lished by D. Van Nostrand Co., Inc. 
Titled “A History of the U. S. Air 
Force—1907-1957,” the large format 
volume (288 pages, over 500 illustra- 
tions, $6.75) tells the AF story from 
the birth of the Army air arm just 50 
years ago until today, in terms of 
growth, organization, men, tools and 
missions down through the years. 
Missiles get short shrift in the book, 
only a few pages being devoted to the 
subject. 

The Philosophical Library has just 
published “Aircraft Annual—1958” 
(96 pages, illustrated, $6), edited by 
John W. R. Taylor. The book, pub- 
lished in Great Britain, is made up 
primarily of “popular” features, ap- 
parently reprinted from various pub- 
lications. However, it does contain a 
short article on the Atlas and Titan 
ICBM’s by Kenneth Gatland, well- 
known British rocket authority and 
writer, as well as a piece on “Russia's 
Fighting Aircraft,’ which may prove 
of interest. LH. 
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KEARFOTT INERTIAL SYSTEMS 


The unmatched precision of 
Kearfott's lightweight inertial sys- 
tems has been proved by 4 years 
of exhaustive flight testing. These 
systems are in production. 


DISPLAY AND CONTROL PANEL 


The ability of any weapon to perform its mission 
is a function of the precision and reliability of its 
guidance system. Kearfott has been producing 
inertial components and systems for missile and 
aircraft applications for more than 7 years. You can 
look to Kearfott for the precision and reliability required 
in the design and production of this equipment. 


earfott 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 
Midwest Office: 23 W. Calendar Ave., La Grange, Ill. 
South Central Office: 6211 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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tested with 


STATHA 


instruments. 


The reliability of Statham trans- 

ducers is demonstrated by an expe- 
ce reported by Chance Vought: 

wo Statham pressure transducers 

which had not been calibrated for 

__ Six years were recently calibrated 
_ with a resulting curve that checked 

within 2% of the last calibration. 


IF YOU NEED 
Linear Accelerometers 
Angular Accelerometers 
Gage Pressure Transducers 
Absolute Pressure Transducers 
Differential Pressure Transducers 

in your instrumentation 
programs, please outline your 
requirements so we may submit 
specific recommendations. 
WHEN THE NEED 


iS TO KNOW...FOR SURE 
SPECIFY STATHAM 


INSTRUMENTS, INC. 
LOS ANGELES 64 
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feedback 


Says We're Loaded . . . 
Gentlemen: 

The American Rocker Society is to 
be complimented on its new publication, 
ASTRONAUTICS. The first three issues 
have been loaded with information—so 
much that we have made ASTRO- 
NAUTICS “must” reading for all of our 
District Sales offices. 

Again may we extend our congratula- 
tions to the AMERICAN Rocker SocIETY 
for a fine magazine. 

C. G. CuisHoLm 
General Sales Manager 
Haynes Stellite Co. 
Kokomo, Ind. 


Wants ARS Section in Europe 
Dear Sir: 

As a member of the ARS, I am writing 
you to advance a proposal for the estab- 
lishment of a new ARS section: ARS 
Europe. 

Though title-wise it may seem con- 
tradictory, there appears to be the founda- 
tion for a strong and active ARS section 
here in Europe. As you know, a sizable 
portion of the militarily operational rocket 
and missile forces of the U. S. are em- 
ployed here in Europe. A complete cross 
section of rocket weaponry is involved 
ate (encompassing ) the basic funda- 
mentals of the rocket and missile sciences. 
Thus there are many Americans here who 
are directly interested in the rocket sci- 
ences and who would undoubtedly wel- 
come the opportunity of becoming active 
ARS members . . . 

Of course, the basic consideration for 
establishing an ARS Europe section would 
be to forward the goals and principles of 
ARS. In addition, the ARS would be 
affording the U. S. a tremendous service 
by providing the opportunity for Ameri- 
cans here to attain a higher degree of 
professional knowledge by creating a 
ready means of exchange of ideas, by 
stimulating thought processes and by 
stirring the imagination. 

However, please do not think that we 
in Europe would be on the receiving end 
only. In time there would be definite 
contributions to ARS . . . (in the form 
of) technical papers and papers elaborat- 
ing on the problems and procedures of 
groups having the responsibility for the 
finished military product. This is indeed 
an area of interest and concern to many 
in the rocket field . 

Please give this proposal your con- 
sidered thought. We need an active ARS 
section for Americans in Europe. 

Ist Lr. RicHarp T. Boverte, USAF 
Hq., 587th Tactical Missile Group 
APO 130, New York, N. Y. 


Lt. Boverie has been given the green 
light. Meanwhile. any Europeans or 
Americans stationed in Europe who are 
interested in his plans for an ARS Euro- 
pean section can contact him at the above 
address—Editor. 


Concerned Over Soviet Satellites 


Dear Sirs: 


I am a Luxembourger, in my first year 
at the Swiss Federal Institute of Tech- 
nology. 

I was shocked to hear that the Russians 
had_ succeeded in launching a second 
satellite, weighing 508 kg, for I had hoped 
that the Americans would prove they had 


a military force second to none. How. 
ever, the weight of this second satellite 
proves to the whole world that the Rus. 
sians are leading in the field of rocketry, 

It is almost too late to make up for the 
lost advantage unless research and de. 
velopment would now be undertaken with 
the fantastic strength which no other na- 
tion but the U. S. can muster. It is vital 
to assure a free future in a free world, 
and only the U. S., together with its allies, 
can do this. 

The world is waiting impatiently for 
the flourishing of American astronautics 


JULIEN Cajor 
Bertrange 
Luxembourg 


The ARS annual meeting in New York 
last month offers graphic evidence of many 
solid American accomplishments in the 
rocket sciences, and indicates every effort 
is being made to insure the fact that the 
U. S. remains a leader in the field of 
astronautics—Editor. 


Urges ARS Moon Orbiter 


Dear Sirs: 

This letter is prompted by the current 
news concerning Russian rocket develop- 
ments. 

If the reaction of the people I know is 
typical, most Americans are ready for 
some bold and drastic action to recoup 
our position in the space race. Since our 
government has given no signs of offer- 
ing leadership to this desire, it seems time 
to try some other channels. 

Because the AMERICAN ROCKET SOCIETY 
seems to be the logical organization, I 
would like to propose the following idea: 

1. That the ARS sponsor a project for 
orbiting of the moon by an unmanned 
rocket. 

2. That this project be a private, non- 
secret, nongovernmental project outside 
the security program. 

3. That this project be implemented 
financially . . . either (a) as a nonprofit 
corporation supported by public subcrip- 
tion, or (b) as a corporation selling shares 
at $10 a share and accepting contributions 
in smaller amounts. 

4. That this project be initiated at the 
carliest possible moment to take advantage 
of the current urgency of interest in the 
subject. 

Undoubtedly such a project would be 
bitterly criticized from within the govern- 
ment. On the other hand, I believe it 
would receive enthusiastic support from 
the general public, technical personnel and 
even from many of the companies cur- 
rently involved in missile work . . . 

I’ve broached this idea to several ac- 
quaintances and have received enthusi- 
astic responses, including pledges of 
money for the project. 

Given leadership and vision, I feel con- 
fident that the people of this country 
could be aroused to support such a project. 
From the public relations standpoint, it's 

ural 
Ricuarp E. Upron 
6424 Rolf Ave. 
Minneapolis 24, Minn. 


How do ARS members feel about Mr. 
Upton’s proposal?—Editor. 


From Another World? 


Sir: 

Krafft A. Ehricke mentions several 
thought-provoking possibilities in 
article entitled “The Anthropology of 
Astronautics” (November 1957, ASTRO- 
NAUMICS: page’ . 
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The article describes the possibility of 
our coming in contact with other world 
cultures while engaged in space travel 
and exploration of other worlds. 

Mr. Ehricke’s description of future 
possibilities lends itself to some alternate 
theories that I would like to suggest: 

1. Life on the planet earth could have 
been established by a_ specific planetary 
culture or could have been brought here 
from another world. 

2, Conclusive evidence may exist to 
demonstrate that our earth culture had 
already been contacted by another world 
culture. 

Scientific research has established that 
the planet Mars gives evidence of being 
older than the planet earth. A theoreti- 
cal race facing a loss of natural resources 
could have left the planet and colonized 
the earth... 

There are seemingly thousands of small 
asteroids circling around the sun in an 
orbit outside that of Mars. It could well 
be that these asteroids are the remains of 
a planet older than Mars. We could 
conjecture that this planet was the original 
source of life for earth and possibly Mars 
as well. 

What type of evidence would be neces- 
sary to demonstrate that our earth culture 
had been contacted by another world 
culture? Sources of such evidence would 
lie in the records of ancient civilizations 
and in the recorded evidence of modern 
societies. Interesting examples of such 
evidence do exist . . . 

Of course, such incidents are not au- 
thentic enough to demonstrate contact. 
Such contact would require visual and 
physical contact by means commonly 
understood by human beings of _ this 
planet. The interesting possibility re- 
mains, however, that lack of human 
sensory ability or scientific instrumenta- 
tion may prevent the human race from 
perceiving such theoretical contacts . . . 

KENNETH L. LARSON 
14447 E. Gale 
La Puente, Calif. 


Russians Find Ziolkowsky 
Letters to Goddard, Oberth 


Soviet newspapers recently 
nounced the discovery of hitherto un- 
published letters written by Konstan- 
tin E. Ziolkowsky, the Russian “father 
of astronautics,” to rocket pioneers 
Robert H. Goddard and Hermann 
Oberth. Contents of the letters have 
not as yet been revealed. 


X-7 in First Public Showing 


The Lockheed X-7 test vehicle was 
shown publicly for the first time at 
the recent dedication of a new Air 
Force reserve center in Los Angeles. 
The X-7 has been used in the success- 
ful flight testing of a large Marquardt 
Aircraft Co. ramjet engine to be used 
with an operational missile now in 
production, and is now being used to 
test an even more powerful Marquardt 
ramjet in tests at the AF Missile De- 
velopment Center. 
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N MIXER .- 


AS 


$10 


This new DAY Dispersion Mixer offers many specially 
designed features for safety, ruggedness and dependability in the 
economical processing of Solid Propellant Fuel. 


Jacketed tank and Z-type cored blades insure full tem- 
perature control. Vacuum cover is air-cylinder operated, and has 
over-pressure release. Motorized screw mechanism tilts the stain- 
less steel tank; vacuum seal stuffing boxes protect bearings and 
materials. Equipped for remote control operation. Now available : 
in a range of laboratory and production sizes. 


Write for details. Gain the advantage of Day’s 70 years 
of experience and skill in building a wide variety of mixing 
* equipment for the processing industries. 


New DAY DISPERSION MIXER 
100-gal. Working Capacity 
Designed for 75 HP drive 


Division of The Cleveland Automatic Machine Co. 
QUALITY MIXING, BLENDING, MILLING AND SIFTING MACHINES SINCE 1 


Beech Street, Cincinnati 12, Ohio 


4906 
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Parker 


team help 
you! 
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Hydraulic and fluid 


(system) components 


Parker specializes in hydraulic and fluid problems 

as these problems apply to your SYSTEM. 

This is called ‘‘Parker’s system approach.’’ What does it 
mean to you? Just this: Parker's leadership in experience 
and design is at your disposal to make sure that your 
fluid and hydraulic system components are exclusively 
for your system—an integral phrase of that system— 
to make sure that the whole performs exactly to 
requirements—or better! Why not ask us how the 


Parker ‘‘system approach” can save you precious 


engineering lead time. and effort? 


The Parker Team provides specialized 
viewpoints to get the right answers. It's 
the first step in the “systems approach” 
... gives a Parker customer the plus value 
of leadership in experience, for today’s 
AND TOMORROW'S fluid and hydraulic 
problems. 


check valves hvdroulic valves fuel valves accumulators 


Parker Aircraft Co., Los Angeles 45, Calif. * Cleveland 12, Oh 


(Subsidiary of The Parker Appliance Company) 
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Jarors 


412, 04 


COVER: Boeing technicians prepare Bomarc 
model for placement on sting prior to testing 
in company’s new Mach 4 wind tunnel in 
Seattle. 


Astronautics 


JANUARY 1958 


Year of Decision 


There can be little doubt that 1958 will be a year of decision for 
the U. S. in the fields of rocketry and space flight. Decisions made 
now—this week, this month and in the months to come—will play a 
major role in assuring national security and in determining whether 
this country is a leader or a follower in making man’s age-old dream 
of reaching the stars a reality. 

In any such decisions, the AMERICAN Rocket Socrety and its thou- 
sands of individual members will play a leading part. The proposal 
for a national space flight program drawn up by the ARS Space 
Flight Committee and announced at the Annual Meeting in New 
York last month is indicative of just how important the role of the 
Society has become. 

It is indeed a privilege to be called upon to serve the Society in 
what promises to be one of the most important years in its 27-year 
history. It is with mingled feelings of pride and humility that we 
approach the tasks that confront us. 

From the standpoint of the Society itself, these tasks are many 
and arduous. That ARS should continue its spectacular growth of 
the past few years, that member services should be improved and 
expanded, that our publications should be enlarged, goes without 
saying. These steps are vital if the Society is to continue to play an 
important role in the fields of rocketry and astronautics. 

Equally important, however, are the tasks which face us as a 
Society. Of paramount importance are such efforts as working with 
our educational institutions to assure the kind of undergraduate and 
graduate training necessary to provide an unending flow of top-notch 
engineers for our national ballistic missile and space flight programs; 
focusing attention on the need for additional research in the many 
basic and applied sciences related to astronautics; helping to resolve 
the present conflict between military and commercial interests in 
space flight; and awakening the public to the many commercial pos- 
sibilities in such flight. 

In all these tasks, individual ARS members can and should play an 
important role. A bigger and better Society is a “must” if this coun- 
try is to remain in the forefront in the conquest of space. 

How effective our efforts toward this end are will be determined 
largely by your own contribution in the months that lie ahead. 


George P. Sutton 
PRESIDENT, AMERICAN ROCKET SOCIETY 
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ARS urges national space flight program 


Space Flight Committee proposal for establishment of Astronautical 
Research and Development Agency to take over long-term planning is 
now under study. . .venus and Mars probes seen within five years, and 


two-way manned flights to moon, including landing, within 20 years 


HE American Rocker Society has submitted to 

President Eisenhower a full-scale report calling 
for immediate initiation of a long-term national 
space flight program, to be administered by a new 
independent government agency with broad powers 
in this area. 

The report, drawn up by the ARS Space Flight 
Committee, headed by Krafft A. Ehricke of Convair- 
Astronautics, and accompanied by a covering letter 
over the signature of Comdr. Robert C. Truax 
(USN), outgoing ARS President, has achieved wide 
circulation among government agencies and is be- 
ing given serious consideration. 

Copies are now in the hands of members of the 
President's Scientific Advisory Committee, the Na- 
tional Security Council and the Policy Planning Staff 
of the State Department, as well as top Defense De- 
partment officials and congressional leaders. 

The complete text of the report, as well as the 
covering letter, begins on page 21. 


Written Before Sputnik | Firing 


The report, written before Sputnik I was fired, 
notes that, while the military aspects of space flight 
have been carefully considered, many important sci- 
entific, commercial and politico-military applications 
of even greater long-range significance have been 
overlooked. Moreover, no government agency exists 
with powers broad enough to plan a program of the 
type required, and existing space flight efforts are 
being hampered by the lack of such an agency. 

As a result, immediate initiation of a national 
space flight program and establishment of an over- 


Some typical space vehicles which might be used in 
national astronautics program are shown on these two 
pages. Designed by Krafft Ehricke, they are (top) an 
unmanned three-stage automatic supply ship and (be- 
low) a manned three-stage supply vehicle. 
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all supervisory agency, similar to the Atomic Energy 
Commission or the National Advisory Committee for 
Aeronautics, are urgently required. Major prereq- 
uisites to the success of these measures, the report 
points out, would be adequate financing and the 
formulation of a clear-cut agency broad enough to 
include all but the strictly military applications of 
space flight. 

Toward this end, the report recommends a six-step 
space flight program which the current state of the 
art would make possible even without any major 
technological breakthroughs in the next 20 years. 
These are: 

1. Orbital vehicles with payloads in the order of 
thousands of pounds within five years. 

2. Payloads of 100 to several hundred pounds 
placed on or about the moon within five to 10 years. 

3. Payloads of several hundred pounds as far out 
as the orbits of the nearer planets within five to 10 
years. 

4, Manned orbital vehicles and manned space 
flight between any two points on the earth's surface 
within 10 years. 

5. Manned flights around the moon in 15 years. 

6. Manned two-way moon flights, including land- 
ing, within 20 vears. 


Utilization of Present State of the Art 


These goals are in accordance with the philosophy 
of the report, which stresses concentration on those 
phases of space flight which have immediate utility 
or a real possibility of utility; which can employ the 
available state of the art, summarized in an appen- 
dix to the report, to the greatest extent, and which 
‘an be realized with modest extrapolation of exist- 
ing techniques; and to initiate on a modest scale the 
research necessary to develop the specific astronau- 
tical technology that will make long-range goals 
feasible. 

Space flight, it is pointed out, cannot be regarded 
simply as an extrapolation of missile technology. 
Nonetheless, certain of the goals of both missile 
technology and astronautics are similar, and astro- 
nautics can take advantage of the large-scale re- 
search and development activities, skilled manpower 
and vast expenditures currently available to the 
ballistic missile program. 

The immediate purposes of this separate space 
flight program would be: First, to increase the 
dividend from current military expenditures by 


Even farther in the future are these three ships. Start- 
ing at bottom, a four-man observational satellite, a 
manned lunar reconnaissance vehicle, and a manned 
nuclear interplanetary vehicle. 
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Robert C. Truax 
Outgoing ARS President 
SUBMITTED PROPOSAL TO PRESIDENT 


Krafft A. Ehricke 
Chairman, ARS Space Flight Committee 
HEADED GROUP WHICH FORMULATED PROGRAM 


applying them in astronautical projects; second, to 
apply the best of the present and future states ot 
the art to astronautical ends; third, to improve the 
state of the art in those areas not covered by exist- 
ing military requirements; and, fourth, to develop a 
true astronautical technology, separate and apart 
from missile technology. 

The report recommends that, in the absence of 
an existing agency which has all the necessary capa- 
bilities, a new agency, temporarily referred to as the 
Astronautical Research and Development Agency 
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(ARDA), be established and charged with formula- 
tion and execution of this program. 

The agency would have space flight as its sole 
mission, would be staffed and organized for this one 
purpose, and would have to justify its program only 
to the President and Congress. 

Primary control of ARDA, the report states, should 
rest in the hands of persons with experience in the 
development of rocket vehicles, although the State 
Department, as well as the scientific community and 
the general public, would also be represented on 
the agency. 

The agency’s mission would include the develop- 
ment of astronautical equipment and the conducting 
of unmanned, as well as manned, exploratory space 
operations. Missions cognizance should be _pro- 
vided over all but strictly military projects. Its re- 
sponsibility would be “to develop the science of 
astronautics, to establish man’s capability of con- 
ducting operations in space, and to derive new bene- 
fits. . .from such capability for the good of this 
nation and of all mankind.” 


Would Be a Management Agency 


ARDA would not compete with industry, nor with 
the Armed Forces. It would basically be a man- 
agement agency operating by contract to industry, 
research organizations, etc.; conducting theoretical 
studies and operating its own research laboratories 
when necessary, and evaluating scientific informa- 
tion about space flight; supporting Armed Forces 
R&D activities not only by making its own informa- 
tion available, but by training personnel, helping in 
tracking operations, etc.; and serving the various 
branches of the government in an advisory capacity. 
It would also represent the U. S. in astronautical 
projects carried out on an international basis. 

Members of the ARS Flight Committee which 
drew up the report, in addition to Krafft Ehricke, 
are: Karel J. Bossart, Convair-Astronautics; George 
H. Clement, The Rand Corp.; Maj. George D. Col- 
chagoff, Headquarters, ARDC; Col. William O. 
Davis, Wright-Patterson AFB; Frederick C. Durant 
III, Aveo Mfg. Corp.; Andrew G. Haley, Haley, 
Wollenberg & Kenehan; Richard W. Porter, Gen- 
eral Electric Co.; Darrell C. Romick, Goodyear Air- 
craft Corp.; Milton W. Rosen, Naval Research Labo- 
ratory; Alexander Satin, Lockheed Aircraft Corp.; 
S. Fred Singer, University of Maryland; Kurt R. 
Stehling, Naval Research Laboratory; Hubertus 
Strughold, Randolph AFB; and Wernher von Braun, 
Army Ballistic Missile Agency. 
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A NATIONAL SPACE FLIGHT PROGRAM 


A REPORT BY THE SPACE FLIGHT TECHNICAL COMMITTEE OF THE AMERICAN ROCKET SOCIETY 


August 23, 1957 
Revised October 10, 1957 


PURPOSE OF REPORT 


It is the considered opinion of the 
AmeERICAN Rocket Society that rather 
extensive flight through space is prac- 
ticable, useful and economically feasi- 
ble in the immediate future. It is the 
purpose of this report to propose a 
program and organization to derive 
maximum benefit from this new capa- 
bility. The program should not be 
limited by restriction to immediate 
military utility, but should rather seek 
its justification in the necessity of 
keeping this nation in the forefront of 
those who will explore the new envi- 
ronment about to be entered by man. 
This is a long-term mission of grave 
national and international responsi- 
bility. The managing organization 
should, therefore, not be a lone as- 
sociation of operating activities and 
advisory committees such as is carrying 
on the present Vanguard program, but 
a permanent executive organization, 
responsible to the Congress and 
equipped with full authority to carry 
out its decisions. 

Although this report is of an un- 
classified nature, it has been pre- 
pared by individuals having full ac- 
cess to all necessary information in 
their daily work on the nation’s guided 
missile program. The report is ren- 
dered in full awareness of the current 
programs and state of the art. 


SUMMARY 


The development of rocket propul- 
sion and related techniques during the 
last 25 years has brought us to the 
point where a totally new type of 
transportation is attainable in the im- 
mediate future. These developments 
promise the ability to navigate through 
a new medium—the region of empty 
space outside our terrestrial atmos- 
phere. This new ability, if properly 
exploited, may be used to achieve 
many unusual and far-reaching results, 
some foreseeable, some predictable 
only by analogy with past experience 
in other spheres. 

Historically, major developments in 
transportation have exercised a revolu- 
tionary influence upon human society. 
It is also historically true, although 
less well recognized now, that the 
full importance of these developments 
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was seldom appreciated in the begin- 
ning. Manned, powered flight was a 
reality for 51/, years in the land of 
its birth before the first military air- 
plane was procured. Even at that 
date there was no clear idea of the 
military utility of this new vehicle. 
Military application of space ve- 
hicles has fared much better to date. 
The first true space rocket, the German 
V-2, was an operational weapon, and 
today our highest priority goes to the 
development of more sophisticated 
space weapons, the intermediate and 
intercontinental ballistic missiles. 
The strictly military aspects of 
space flight are probably receiving 
adequate support at the present time. 


However, there are many scientific, 
commercial and politico-military ap- 
plications of even greater long-range 
importance, which, in the opinion of 
the committee, are being neglected. 
These are discussed more fully in the 
body of this report. Indeed, there is 
no agency within the government 
which has a mission sufficiently broad 
to encompass a program such as is felt 
to be required. Existing effort is be- 
ing hampered by this lack of an 
agency having appropriate responsi- 
bility and authority. 

The recommendations of the com- 
mittee are twofold: First, that a na- 
tional space flight program be initi- 
ated; and, second, that an agency 
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having independent status similar to 
that of the Atomic Energy Commis- 
sion or the National Advisory Commit- 
tee for Aeronautics be created to man- 


age this program. Prerequisite to the 
success of these measures are consid- 
ered to be adequate financing and 
sufficient breadth of mission to include 
all but strictly military applications of 
space flight techniques. 

It is also considered important that 
space flight be considered as a new 
transportation technique capable of 
serving many purposes. As such, pri- 
mary control of the new agency should 
be vested in persons having experience 
in the development of rocket vehicles, 
rather than with any special class of 
user. Potential users, however, should 
be accorded an adequate voice in the 
formulation and execution of the pro- 
gram. 

The impact of space flight on the 
minds of men is too great to permit 
the challenge to be met with half- 
hearted measures. Astronautics can 
no longer be considered as an append- 
age of the Science of Aeronautics. A 
unified, long-range program, consis- 
tently prosecuted and soundly man- 
aged, is the only answer that will in- 
sure our ultimate superiority. 


1. FEASIBILITY AND 
OVER-ALL IMPORTANCE 


1.1 Feasibility and Immediacy. 
Recent advances in rocket and allied 
technology have brought us to the 
point where an age-old dream of man, 
flight through outer space, can be 
realized. 

Space flight, or astronautics, has as 
its key problem the development of 
rocket vehicles capable of tremendous 
speeds. Some 3600 mph are required 
for a ballistic missile to travel a mere 
200 miles. At 18,000 mph, a craft can 
leave the gravity field of the earth 
forever and travel to other celestial 
bodies. 

Significantly, an intercontinental 
ballistic missile must possess a speed 
only 10 per cent less than that re- 
quired to orbit. Certainly we must 
presume success for our pro- 
gram in the not-too-distant future. 
The implications of this program to 
the over-all feasibility of space flight 
can not be overemphasized. Although 
it is possible to develop other vehicles 
to provide the velocity required for 
astronautical purposes (e.g.,  Van- 
guard), the payload capabilities of 
the ICBM vehicles, their continued 
production for military purposes and 
the broad base of support which they 
are creating form the prime basis for 
the assertion that we are truly on the 
threshhold of space. Indeed it is pri- 
marily the status of the ICBM program 
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which gives rise to this report and the 
call for action now. 

Using the ICBM as a booster for 
other smaller rockets, it is a compara- 
tively easy matter to put very large 
payloads on orbit around the earth or 
to send smaller rockets to or around 
the moon. The successful develop- 
ment of an intercontinental ballistic 
missile will bring such ventures from 
the realm of theoretical feasibility to 
that of practical immediate attain- 
ability. While still expensive in total 
dollars, they become economically 
feasible in terms of probable return. 

1.2 General Scope of Recommended 
Program. It is considered particularly 
important from the point of over-all 
economy that space flight development 
be organized for the long pull, rather 
than on a single project basis. With 
Project Vanguard, we have already be- 
gun a fairly expensive effort without 
an adequate plan or management or- 
ganization. Future efforts must not 
be allowed to spawn haphazardly or 
chaos will result. A long-range inte- 
grated program would permit projects 
to be mutually supporting in terms 
both of knowledge to be gained and 
equipment to be developed. It would 
permit fullest advantage to be taken 
of military developments. It is for this 
reason that this report does not at- 
tempt to define the cost of all the fore- 
seeable projects, but only to list the 
typical examples and estimate a gen- 
eral level of expenditure that would 
permit realization of significant goals 
on a realistic time schedule. 

From a careful balancing of desir- 
able goals, technical tasks to be per- 
formed, support from military pro- 
grams and reasonable burden to the 
taxpayer, it is the opinion of the Space 
Flight Committee that we could ex- 
pect results such as the following: 

(1) Orbital vehicles with payloads 
in the order of thousands of pounds 
within five years. (Scientific, com- 
munications, weather or politico-mili- 
tary missions. ) 

(2) Payloads of 100 to several hun- 
dred pounds placed on or around the 
moon within five to 10 years. (Scien- 
tific missions ) 

(3) Payloads of several hundred 
pounds into interplanetary space as far 
out as the orbits of Venus and Mars 
within five to 10 years. (Scientific 
missions ) 

(4) Manned orbital vehicles within 
10 years. (This capability would in- 
clude manned space flight between 
any two points on the earth’s surface. 
Scientific, communications, weather 
and _ politico-military missions. ) 

(5) Manned flight around the moon 
in 15 vears. (Scientific missions) 

(6) Manned two-way flight to the 
moon, including landing, within 20 
vears. (Scientific missions. ) 


This schedule is based on the as- 
sumption that no major breakthroughs 
in propulsion would occur. A survey 
of the existing state of the art on which 
this prediction is based is contained 
in the appendix. 

1.3 Philosophy and Purpose of the 
Program. Many _ times, especially 
since World War II, programs for the 
development of space flight and asso- 
ciated cost estimates have been sub- 
mitted. In practically all cases the 
authors reached too far into the future, 
underestimated practical difficulties 
and were optimistic in regard to time 
and cost factors. The philosophy 
adopted in this report is that we 
should: (1) Concentrate on the more 
immediate phases (a) which have 
utility or indicate a real possibility for 
utility in the immediate future, (b) 
which can utilize the available state 
of the art to the greatest possible ex- 
tent, and (ec) which can be realized 
with modest extrapolation of existing 
techniques; and (2) to initiate on a 
modest scale the research work to de- 
velop the technology that will make 
the long-range goals eventually at- 
tainable. 

It is well recognized that space 
Hight can not be regarded simply as 
an extrapolation of missile technology. 
Astronautics must, and will in time, 
develop its own “style.” However, in 
order to do this, it must first get 
started. As it grows, expands, and 
acquires more utility, the possibilities 
for developing a specifically astronau- 
tical technology will improve con- 
stantly. 

The most important task right now 
is to maintain and augment the mo- 
mentum gathered by the success of 
high-altitude research and by the Van- 
guard project. 

At the present time—and probably 
for quite a number of years to come— 
research and development facilities, 
skilled manpower and available funds 
will be very tight, because of the de- 
mands of military missile development. 
Thus, unless this situation changes, it 
cannot be expected that a comparable 
capacity in these three basic ingredi- 
ents of progress will be available for 
space flight programs. Therefore, un- 
til such change, astronautics must 
largely be based on missile technology. 
This may not correspond to the “best” 
approach to space flight from the en- 
gineering as well as operational point 
of view, but it is the only approach 
available, and nevertheless quite a 
good one. 

Astronautics is still so much in its 
infancy that its realistic goals for the 
present are very much like those of 
present missile development. This is 
particularly true in the field of large 
boosters, hypersonic gliders, space 
medicine, electronics, computers, in- 
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strumentation, test facilities, propellant 
research, nuclear propulsion research, 
free radical research, plasma flow and 
ion propulsion research, to name only 
some areas of activity. 

Even if all this would be placed 
tomorrow under the command of a 
“space czar,” bent only on developing 
interplanetary flight, most of the pres- 
ent programs could be continued un- 
changed. In this sense, we do have a 
space flight development program. It 
is recognized that astronautics never 
had a greater chance to overcome the 
initial hurdles, and materialize in the 
wake of nonastronautical utilities, than 
it has today. What, then, is the pur- 
pose of a separate space flight develop- 
ment program? 

The immediate purpose of such a 
program is: 

(a) To increase the dividend from 
the current tremendous expenditures 
for ballistic missiles by applying them, 
through judicious adaptation, to astro- 
nautical purposes. 

(b) To apply the best of the state 
of the art systematically to the devel- 
opment of astronautical utilities, with- 
out bias relative to source of data or 
equipment. 

(c) To improve the state of the art 
in those areas not covered by existing 
missile requirements in order to in- 
crease space flight capabilities. 

(d) To initiate, coordinate or sup- 
port advanced research for space flight, 
in order to promote the development 
of an astronautical technology which 
eventually will be emancipated from 
missile technology and whose progress 
will no longer necessarily be incident 
to progress in missile technology. 

This program thus complements 
military developments for the benefit 
of this country. 

It does not duplicate activities for 
which defense money is spent. 

It is capable of furthering the pres- 
tige of the United States by putting 
us in the forefront in a pioneering field 
that has tremendous popular appeal. 

It can do this at a modest cost which 
is far less than the benefit derived, be- 
cause its effort can be skillfully com- 
pounded with the defense effort on 
the basis of technical performance 
alone, without bias as regards service 
prestige or rivalries. 

It does prepare this country’s gov- 
ernment to enter international agree- 
ments and activities pertaining to as- 
tronautics in a well-planned manner 
and in a leading position. 

A detailed technical plan of action 
would be worked out by the agency 
responsible for the space flight pro- 
gram. 


2. UTILITY 


In considering the initiation of any 


program of the magnitude contem- 
plated here, the question of utility na- 


turally arises. This utility must be 
established for the aggregate benefit 
of the country at its full price, or, 
when related to the individual tax- 
payer, at a level comparable to his 
own contribution. 

Benefits may be expected from the 
program in a number of categories. 
There will be increased national secur- 
ity as a direct result of the devices 
produced, and as a result of the type 
of industry developed and supported. 
There will be military and industrial 
benefits indirectly, as a result of the 
new discoveries made both in the de- 
velopment of the vehicles and their 
equipment, and in their use for scien- 
tific purposes. 

For the individual, the largest direct 
benefit will be a sense of participation 
in a great adventure, and a new 
breadth of understanding resulting 
from a better understanding of the 
universe around him. This popular 
interest need reach a level comparable 
to a couple of cartons of cigarettes a 
year in order to completely justify the 
program, regardless of other dividends. 

2.1 Immediate Aspects. For the 
purpose of this report, the term “im- 
mediate aspects” is taken to mean a 
time period in which the following 
programs have been advanced to the 
state of practical accomplishments: 

I. Instrumental satellites for dis- 
tances as far as the 24-hr orbit, for pay- 
loads up to the order of 2000 Ib for 
long operational life, with long or in- 
definite power supply and with recov- 
erability (where needed). 

If. Cislunar and lunar 
mented probes. 

III. Instrumented comets for inter- 
planetary, planetary and solar research 
in the region from Venusian space to 
Martian space. 

IV. Manned _ hypersonic 
capable of descent from space. 

V. Small inhabitable Earth satel- 
lites of four- to perhaps 10-person ca- 
pacity. 

VI. Manned lunar operations (cir- 
cumnavigation, landing). 

Roughly, the first three programs 
could reach the state of practical op- 
eration in the 1958-1970 period, the 
last three programs in the 1970-1983 
period. Thus, the term “immediate” 
is meant here to cover about the next 
25 years. 

The first three programs deal with 
unmanned space vehicles, exploiting 
the possibility of space research as far 
as it is possible for earth surface-based 
operations during this period. 

The last three programs introduce 
manned space flight. The principal 
utility lies with the inhabitable satel- 
lites (they do not necessarily have to 
be permanently inhabited), but their 


instru- 


gliders 


use, of course, requires that personnel 
can get to the satellite and back. To 
draw the maximum benefit from the 
inhabitability of satellites, however, 
reasonably economic means of ascent 
and reasonably nonhazardous means of 
descent must be available. For this 
reason, it is felt that programs IV and 
V should aim at nuclear propulsion, 
booster recovery, and combined thrust- 
brake and aerodynamic descent. 

A further discussion of these pro- 
grams will follow in Part III. Pres- 
ently, the utility of such developments 
will be surveyed with respect to the 
following areas, arranged alphabeti- 
cally: 


1. Agriculture 

. Communication 
Industry 
Medicine 
Politico-Military 
. Natural Sciences 


& bo 


Many of the utilities mentioned be- 
low are not novel. They are listed 
here to provide a complete picture as 
far as present anticipation of utilities 
is concerned. 

1. Agriculture. By surveying earth 
from space, long-range and_ short- 
range weather prediction becomes 
more accurate on a continental as well 
as local basis. Organized, satellite- 
based weather service would result in 
great benefits to the agriculture, and 
therewith to the economy, of all na- 
tions. 

2. Communications. Instrumented 
satellites, especially when they are at 
great altitudes (4000 to 8000 miles), 
can serve as passive intercontinental 
transcontinental communication 
links for radio and television transmis- 
sion. Manned satellites can in addi- 
tion assume surveillance of terrestrial 
operations in remote areas and the 
servicing of ships, expeditions, etc., 
with information and advice. 

3. Industry. The environmental 
conditions on satellites offer four out- 
standing features: Vacuum, extremely 
low temperatures and large tempera- 
ture differences, intense radiation from 
infrared to x-rays, and weightlessness. 
Suitable orbit position can provide a 
maximum of sunshine which can easily 
and reliably be used for high tempera- 
ture processes. Conversely, behind a 
solar and terrestrial radiation shield, 
extremely low temperatures can be 
maintained indefinitely for the storage 
of liquid gases and radicals, and for 
maintaining processes involving super- 
conductors. Vacuum can be used for 
welding or soldering; various gas at- 
mospheres can be established in special 
confinements for manufacturing proc- 
esses. The industrial value of satel- 
lites may lie in the production of small 
parts for electronic products or instru- 
mentation, for quantity production and 
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storage of radicals and for other pur- 
poses—possibly even for the manufac- 
turing of completely new products. 

4. Medicine. The aforementioned 
environmental conditions, particular to 
satellites or space vehicles, may 
equally benefit medical sciences. One 
field which is frequently mentioned is, 
of course, space-medical and space- 
biological research. Yet practical 
medicine may find equal benefits in 
many unsuspected ways. Weightless- 
ness is normally considered a nuisance. 
It may, however, be of advantage in 
cases of heart disease, other organic 
disturbances, bone diseases and _ per- 
haps for surgery in certain aspects. 
Low-temperature conditions, existing 
simultaneously with weightlessness, 
could be found useful in some medical 
applications. Controlled local or over- 
all irradiation by the sun in space may 
furnish new therapies against cancer, 
skin diseases, etc. Apparently, not 
enough thought has been given so far 
to the possibilities of satellite therapy 
and satellite surgery to appraise its 
potential merits reliably. 

In considering Points 3 and 4, it be- 
comes particularly apparent that these 
utilities depend decisively on the suc- 
cess of Programs IV and V. 

5. Politico-Military. The immediate 
politico-military utility is perhaps most 
apparent, and, by comparison, most 
readily realizable. It is, for the time 
being, also the most important utility 
as far as the means for actual accom- 
plishment are concerned. The pres- 
tige value of an advanced _ position 
in space flight development has been 
mentioned. This factor is particularly 
important during periods of “cold 
war, where prestige is frequently 
more important than force in interna- 
tional negotiations. The leading mili- 
tary powers can ill afford to neglect 
the potential of hypersonic flight and 
satellite operations. | Chemospheric 
superiority implies the successful op- 
eration of hypersonic gliders for bomb- 
ing and reconnaissance. Jonospheric 
superiority means the capability of 
operating satelloids and satellites for 
reconnaissance purposes. Finally, exo- 
spheric and free space operations, up 
to altitudes of several thousand miles, 
are of potential politico-military use- 
fulness because of the increasing ter- 
restrial area which can be kept under 
surveillance simultaneously. Concern 
with such possibilities has the added 
importance of being a necessary pre- 
requisite for outguessing others and 
developing necessary countermeas- 
ures. 

In a situation where an uneasy dis- 
armament condition exists, a space 
flight development program maintains 
a foundation in industry and_tech- 
nology for the rapid rebuilding of mod- 
ern military power. 
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6. Natural Sciences. The spectacu- 
lar scientific utility of instrumental 
earth satellites is too well recognized 


to be iterated here in detail. To the 
geophysical, geodetical and _astro- 
physical benefits, more advanced TV 
stations will add meteorological and 
astronomical (observational) research 
possibilities unequaled on the earth’s 
surface. 

Cislunar and lunar probes will ex- 
tend research on cosmic radiation, 
meteoritic dust and the geomagnetic 
field far out into space and will intro- 
duce selenological research as well: 

(a) by nonoptical measurements in 
the vicinity of the moon, such as 
search for selenomagnetic field, for 
aurora from a very tenous atmos- 
phere (if any), for emanation of cor- 
puscular or electromagnetic radiation, 
due to surface radioactivity or secon- 
dary radiation from cosmic radiation, 
detectable only at comparatively close 
distance; 

(b) by optical observation of the 
lunar surface from close distance; and 

(c) by impact probing to investi- 
gate the nature and condition of lunar 
soil. 

Artificial comets extend the investi- 
gation of meteoritic matter into inter- 
planetary space, measure the charac- 
teristics and explore the dynamics of 
interplanetary plasma, of the existence, 
and stability of magnetic fields in con- 
nection with plasma jets from sun- 
spots and for improved understanding 
of the transfer mechanism governing 
solar corpuscular radiation. The exact 
value (up to six digits) of one astro- 
nomical unit, of the combined earth- 
moon mass, of the moon’s distance and 
of the earth’s orbit, are yet not known, 
but are of fundamental scientific and 
astronautical significance. The mass 
of Venus can be determined more ac- 
curately by measuring the perturba- 
tion of the comet in the course of a 
close encounter with Venus. The at- 
tenuation of various radar frequencies 
by the atmosphere of Venus can be 
used to measure the content of water 
in it, the form in which the water is 
present and the content of solid par- 
ticles (if any). Thermonuclear probes 
exploded in the Venusian and Martian 
atmosphere will determine which ele- 
ments these atmospheres contain. 
Many more research programs can be 
added to this list. 

2.2 Long-Range Aspects. Many in- 
ventions, discoveries or developments 
with a potential for broadening and 
enriching human life did not appear 
impressive or significant at all at the 
time of their disclosure, because in the 
then-existing framework of human ac- 
tivities they had no utility, or because 
there was inadequate vision to appre- 
ciate the full consequences. Most in- 
novations have no absolute utility per 


se, but must be appraised in the con. 
text of the civilization by which or for 
which they are created. As expres- 
sions of skill, they rely on the state of 
the art. Their utility is measured by 
the needs of their age. Yet by their 
very existence they help advance or 
change human civilization. In time 
they become increasingly indispen- 
sable and become a source of further 
innovations. The explorations of 
Columbus were justified in prospect by 
a “short route” to the Indies. They 
were justified in the terms of the times 
by Inca and Aztec gold, a wholly un- 
foreseen dividend. Today both of 
these short-term goals are seen to be 
minuscule as to ultimate result. 

Space flight makes no exception to 
the general rule. It is not realistic to 
sit back and wait for the utility of 
space flight to be “proved” to every- 
body’s satisfaction (if this were pos- 
sible at all), because this can not be 
done without the benefit of the knowl- 
edge to be gained by space explora- 
tions. The development process has 
to start somewhere, and an_ initial 
“down payment” must be made. 
Moreover, space flight in all its fore- 
seen and unforeseen manifestations is 
a long development process which 
spans the activity of generations. 
Therefore, it is futile to try to ascer- 
tain utility of long-range space flight 
in terms of the present civilization and 
its needs alone. 

1. Culturally and sociologically 
space flight encourages closer ties 
among nations. Just as the earth satel- 
lite provides measurements of plane- 
tary character not obtainable other- 
wise, so will space flight tend to stress 
the fundamentally unifying character- 
istics of man over the local anomalies 
of customs, history and place in which 
he is born. When these anomalies 
have lost their devastating capability 
of arousing misunderstanding, distrust, 
hatred and even war among peoples, 
without, however, losing their ability 
to contribute to the local color and in- 
dividuality of human culture, the de- 
gree of freedom and consequently the 
richness of human life will have been 
increased immeasurably. 

In fostering such development, 
space flight is likely to contribute in- 
directly more to material and spiritual 
improvements in the living standards 
all over this planet than any single eco- 
nomic or social measure. It brings this 
about simply by creating gradually a 
more intense feeling of belonging to 
the same planetary community, which 
provides the necessary conditions for 
greater economic security, for the prof- 
itableness of distributing wealth to in- 
crease the living standard of all, and 
for greater effectiveness of social 
measures aimed at raising the dignity, 
as well as the responsibility, of man. 


Such improvements, in turn, will not 
only increase the utility of space flight 
in the wake of higher standards of 
living, but will unlock creative forces 
in all facets of human civilization. 
These cascading consequences, whose 
potential exceeds our imagination, just 
as the consequences of Columbus’ dis- 
covery exceeded his expectations, may 
well be among the most important 
contributions of space flight to the fu- 
ture of mankind as a whole. 

2. Politically, space flight can not 
help but make still more apparent the 
impracticality of war as a means of 
solving differences between nations. 
Indeed, the technical and scientific 
standards required for successfully 
coping with the problems of inter- 
planetary operations are so high that, 
if these capabilities were applied with 
hostile intentions to the narrow con- 
finements of one planet, the prospect 
of mutual annihilation would become 
even more likely than it is already. 
This aspect may be regarded as being 
of little practical importance, indicat- 
ing nothing but a still higher degree of 
“over-killing” participants by- 
standers alike, since an all-out thermo- 
nuclear war with present means al- 
ready seems to spell all-around anni- 
hilation. 

The fact remains, however, that by 
no realistic standard of reasoning can 
space flight have any other effect but 
urging saner alternatives to the classi- 
cal ultima ratio of international polli- 
tics. In this respect the political ef- 
fects of space flight will tend to sup- 
port the cultural implications outlined 
before. 

3. The economic utility of more ex- 
tended space operations is not at all 
obvious in specific or even more gen- 
eral form at the present time (i.e., in 
the framework of our present civiliza- 
tion). However, it cannot be denied 
that the scientific value of such opera- 
tions will be very great. Since there 
has been little or no scientific knowl- 
edge gained in the history of mankind 
which did not develop practical utility 
at some later time, the same can safely 
be assumed to be true for space flight. 
Practical utilities from scientific know]- 
edge are being developed faster in our 
civilization than ever before. The 
probability of yet unexpected eco- 
nomic rewards from space flight can 
therefore not be discarded. This ar- 
gument may appear rather vague. 
However, as emphasized before, this 
report does not attempt to urge the 
need for a space flight program on the 
basis of possible economic utility of in- 
terplanetary operations. 

The practical worthwhileness of op- 
erations on the moon or on our neigh- 
boring planets or their moons can be 
decided only after the necessary facts 
are known. It is important to gain 


this knowledge so that appropriate de- 
cisions as to future action can be made. 
The very lack of this knowledge is it- 
self an important fact in undertaking 
space flight. 

There is a final factor common to 
both short- and long-term aspects of 
space flight that is not subject to the 
previous type of rational justification. 
This is the ultimate reason, leading all 
the others—the undoubted fact that, 
because of human curiosity and zest 
for adventure, people simply want to 
explore this new frontier. It is a fun- 
damental urge as elemental as the de- 
sire for material comfort or bodily 
security. 

Whether one looks at the long-range 
or at the more immediate prospects, 
potentials and utilities of space flight, 
one finds the prospect most intriguing, 
the potential breathtaking and_ the 
utilities far from imaginary. The in- 
terest of the public in the potential of 
space flight has grown enormously in 
recent years. This interest may indeed 
provide the momentum needed to 
broaden and perpetuate this country’s 
astronautical activities far beyond the 
present Vanguard project. 


3. PROGRAM MANAGEMENT 


3.1 Recommended Organization and 
Mission. If it is agreed that a space 
flight development program looking 
beyond the purely military applica- 
tions (i.e., ballistic missiles) is desir- 
able, it follows that there must be an 
organization charged with the formu- 
lation and execution of this program. 
Two courses of action are possible: 
Either the mission of some existing 
agency must be expanded to include 
astronautics, or a new agency must be 
created to serve the purpose. 

Although certain existing agencies, 
notably within the armed services, 
have considerable competence in one 
or more phases of space flight tech- 
nique, none contains all the capabili- 
ties necessary. Rather great augmen- 
tation of existing staffs would be re- 
quired, as well as alteration of organi- 
zational structure. 

While this first course of action 
would provide a cognizant agency, 
there are two inherent and, it is be- 
lieved, fatal defects. Firstly, since 
there are a number of agencies of 
comparable qualifications (i.e., the 
Naval Research Laboratory, The Army 
Ballistic Missile Agency, the Air 
Force Ballistic Missile Division) , selec- 
tion of any one would be likely to in- 
tensify interservice friction. 

A second and more important ob- 
jection is that a new mission assigned 
to an existing agency would be re- 
quired to continuously compete with 
the more traditional mission. Since 
existing organizations are _ staffed 


largely with persons having special 
experience and interest in the older 
missions, the new astronautics mission 
might be expected to receive only mar- 
ginal support. 

For these reasons, it is strongly 
recommended that a new independent 
agency, on the same level as the Na- 
tional Advisory Committee for Aero- 
nautics or the Atomic Energy Com- 
mission, be created to plan and man- 
age the astronautics program. This 
agency would have space flight as its 
sole mission, it could be staffed and 
organized for this one purpose, and it 
would have to justify its program only 
to the President and the Congress. 

An appropriate name would be the 
Astronautical Research and Develop- 
ment Agency (ARDA). The mission 
of this agency should include both the 
development of equipment and the 
conducting of exploratory space op- 
erations, unmanned as well as manned. 
Missions cognizance should be _pro- 
vided over all except strictly military 
projects. 

If the scientific phases of the Na- 
tional Space Flight Program were car- 
ried out in a spirit of international co- 
operation, the program would have a 
tendency to lessen world tension while 
maintaining and furthering an indus- 
try and technology of vital importance 
in the case of national emergency. 

The need for an independent or- 
ganization is amply illustrated by the 
difficulties being encountered in man- 
aging the Vanguard satellite project 
through the present complicated set 
of advisory committees and executive 
agents. The extra-military nature of 
the program further emphasized the 
need for sufficient breadth of jurisdic- 
tion. It is unrealistic to believe that 
future, more sophisticated and com- 
plex programs can be run successfully 
and economically in such a makeshift 
manner. 

The organization should allow rep- 
resentation by the following agencies: 

The general public 

The State Department 

The Central Intelligence Agency 

The Department of Defense 

The Department of Commerce 

The Scientific Community 

The mission of ARDA can be de- 
fined as follows: 


The responsibility of ARDA is to 
develop the science of astronautics, to 
establish man’s capability of conduct- 
ing operations in space, and to derive 
new benefits and utilities from such 
capability for the good of this nation 
and of all mankind. Specifically: 

(a) To derive additional utility from 
present missile developments by ap- 
plying the existing state of the art to 
the development of astronautics, and 
to manage those applications of space 
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technology not wholly of a military 
nature. 

(b) To conduct research in earth- 
moon space as well as in interplane- 
tary space with the purpose of advanc- 
ing the natural sciences and to improve 
man’s understanding of his cosmic en- 
vironment. 

(c) To search out and utilize new 
potential benefits from space opera- 
tions or research in space such as may 
pertain to agriculture, communication, 
transportation, medicine or other fields 
of human endeavor. 

(d) To improve the state of the art 
of astronautics, as realized on the basis 
of missile developments, and to do 
advanced research for space flight, in 
order to promote the development of 
an astronautical technology and assure 
this country’s leadership in space. 

3.2 Operating Principles. ARDA 
would not compete with industry. It 
represents, basically, a management 
organization, and its various depart- 
ments serve this purpose primarily. 
ARDA would operate by contract to 
industry, to research organizations, 
airlines or steamship companies as it 
may become necessary in the course 
of establishing and maintaining ground 
stations and airborne stations or in 
organizing salvaging operations. 
ARDA would conduct theoretical stu- 
dies, maintain small research labora- 
tories where necessary, and would 
evaluate scientific information gained 
from its activities in space. ARDA 
would coordinate services such as may 
be derived from commercial satellites, 
but it would subcontract the operation 
and, when possible, maintenance of 
such stations as soon as they operate 
on a routine basis. 

ARDA will support research and de- 
velopment by the Armed Services in 
making the results of its own progress 
and new knowledge gained by such 
research available to them, and by 
training personnel, supporting  track- 
ing operations, etc., where necessary. 
ARDA serves the various branches of 
the Government, particularly the State 
Department, in an advisory capacity. 
In the case of joint astronautic endeav- 
ors on an international basis, ARDA 
will be the responsible technical and 
scientific agency for the United States. 


4. THE NEED FOR ACTION 


The purpose of this report is to 
propose a program for space flight and 
a managing agency, because the Space 
Flight Technical Committee is fully 
cognizant of the urgency with which 
action is needed now. 

The development of large and 
powerful missiles approaches matur- 
ity. Satellites are announced and 
planned by at least two countries, the 
United States and Russia, within a 
year or two. 
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As the door to space is opened, it 
becomes a generally recognized need 
for this country not to fall behind in 
the exploration of space and the de- 
velopment of space operations. There 
is, however, at present, no government 
agency established and __ officially 
charged with the responsibility of as- 
tronautic research and development. 
This country can not afford to go about 
this task in a haphazard, casual and 
unorganized manner. As in the case 
of NACA, the NBS and the AEC, or- 
ganizational preparations and_long- 
range planning commensurate with the 
magnitude of the task and the impor- 
tance of the stakes involved, must be 
made. The time to take action is now. 

Submitted to the President and the 
Board of Directors of the AMERICAN 
Rocker Society, Inc. by the Space 
Flight Technical Committee of the 
ARS. 


K. A. Ehricke, Chairman 


APPENDIX—State of The Art 


Although the state of the art is ap- 
parent from the progress of the missile 
(particularly the ICBM) program, it 
is useful to examine this subject in 
greater detail. This will be done ac- 
cording to the following categories. 


Propulsion 
Structure 
Guidance 
. Re-entry 
Instrumentation 
Power Supply 
Ground Test Facilities 
Launching Sites 
9. Tracking and Communication 
10. Supporting Industry and Re- 
search 
11. Advanced Research 
12. Space Biology 
13. Systems Development Manage- 
ment 
14. National and International Law 


It is obvious that, in an unclassified 
report such as this, only a general sur- 
vey, based on published facts, can be 
offered. However, we believe that 
these facts offer strong evidence of the 
readiness of our nation to deal seri- 
ously with the problem of a coordi- 
nated space flight development pro- 
gram and to establish the necessary 
means for exerting a consistent effort 
in formulating, managing and realiz- 
ing such a program. 

1. Propulsion. The transition from 
water-diluted alcohol to hydrocarbon 
fuels used with oxygen has been suc- 
cessfully completed during the past 
decade. At the same time, combus- 
tion chamber pressure has been 
doubled and_ tripled, compared to 
World War II rocket motors, and great 
improvements in propellant injection 


and mixing have been made. These 
advances have resulted in an increase 
in standard specific impulse by 20 to 
30 per cent over standard values at 
the end of World War II. Engines for 
very large thrust, in excess of 100,000 
Ib, have been developed and are tested 
on a routine basis. The problem of 
operating a multi-engine propulsion 
system has also been worked out, such 
as in the experimental rocket airplanes 
and in more advanced missiles. New, 
more potent fuels and oxidizers are 
presently under investigation and are 
tested in rocket engines. High _per- 
formance turbopumps and feeding sys- 
tems exist for large rocket motors. 

Liquid propellant rocket engines of 
still higher specific impulse will emerge 
from present research and develop- 
ment for practical use within the next 
four to seven years. The Vanguard 
satellite vehicle is using typical high- 
performance liquid propellants, devel- 
oped in the recent past, in its first two 
stages, namely, liquid oxygen-hydro- 
carbon and white fuming nitric acid- 
dimethylhydrazine. 

In the field of solid propellants, 
great strides have been made regard- 
ing the performance and size of solid 
propellant motors. The general field 
of solid propellants has experienced an 
enormous growth during recent years 
through the introduction of single- and 
double-base and colloidal systems. A 
wide choice of high-performance sys- 
tems is therefore available to the pres- 
ent engine designer and systems engi- 
neer. 

2. Structure. In addition to large 
missile structures in general, specific 
multistage structures have been an- 
nounced. For example, the Vanguard 
vehicle is a 4-stage system, three stages 
being powered, the fourth being the 
satellite. In September 1956, a three- 
stage Redstone assembly, using the 
Redstone missile as first stage, was 
successfully fired over a distance of 
3000 miles. As second stage, a cluster 
of parallel solid propellants was used, 
and as third stage, a single solid pro- 
pellant rocket. The X-17, a USAF re- 
entry research vehicle, is another ex- 
ample of the use of three-stage svs- 
tems, the second stage consisting of a 
cluster of three parallel rockets. 
NACA-PARD has fired  four-stage 
aerodynamic research. The structural 
features of the Atlas and Titan missiles 
have not been announced, but they 
certainly must represent solutions to 
the problems involved in creating very 
light multistaged vehicles. 

3. Guidance. The development of 
guidance systems for long-range ballis- 
tic missiles has to satisfy accuracy re- 
quirements believed impractical at the 
end of World War II. Simple flight 
mechanical considerations show that, 
tor a range of 6000 miles, the penalty 
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for 1 fps error in cut-off velocity (out 
of 23,000 fps) is about one mile. 
Such accuracy, which seems to be of 
the order required for successful bal- 
listic missiles, is greater than would be 
required for most other space missions. 
For launching a satellite into an ap- 
proximately circular orbit, a cut-off ve- 
locity error of about 10 fps (out of 
about 25,000 fps) is permissible. In 
fact, the Vanguard tolerance is con- 
siderably higher. At lunar distance, a 
cut-off velocity error of 1 fps (out of 
35,000 fps) causes an apogee displace- 
ment of the unperturbed ellipse of 
about 500 n. mi. For simple lunar 
cireumnavigation, such an error would 
not be critical, unless the minimum 
distance is selected to be very close to 
the moon. Actually, the focusing ef- 
fect of the lunar gravitational field re- 
laxes the accuracy requirements to 
some + 10 fps or more, depending 
upon the mission. 

4, Re-entry. Here again the ICBM 
program paves the way for future as- 
tronautical experiments. The USAF 
test missile X-17 is specifically devel- 
oped to provide experimental data for 
ICBM nose cones. An ICBM would 
re-enter the atmosphere at only 
slightly less speed than a returning 
space ship. Ground test installations, 
such as the shock tubes at AVCO, 
AEDC and the ultra-high speed test 
facilities at NACA-Ames Laboratories, 
work toward the solution of the re- 
entry problem for long-range guided 
missiles. The problems involved in 
satellite recovery are simpler, in some 
respects, than the nose cone re-entry 
problems of ICBM’s. 

5. Instrumentation. The state of 
the art of small, low-weight precision 
instrumentation has been advanced 
greatly in a decade of high-altitude re- 
search with rockets, and is presently 
brought to a peak in the course of the 
subminiaturization of Vanguard satel- 
lite instrumentation. The Vanguard 
equipment weight of 10 Ib includes 
power supply and transmitter. The 
instrumentation weight is therefore 
less than the 10 lb and includes photo- 
cell and circuitary for Lyman alpha 
radiation measurements, a_ proton- 
precession magnetometer, an_ instru- 
ment package for cosmic ray experi- 
ments, a miniature magnetic tape 
recorder for cosmic ray and terrestrial 
energy balance experiments, four 
bolometers for energy balance meas- 
urements and a resistance strip ero- 
sion gage for micrometeorite erosion 
measurements. 

With payloads of the order of 4-6 
lb, magnetic field measurements, cos- 
mic ray experiments and micrometeo- 
rite impact investigations can be made 
(and the results transmitted to Earth) 
from great distances in cislunar space, 
as far out as 10,000 n. mi. and be- 


yond. A payload of 45 lb is considered 
adequate today for most near-future 
scientific space experiments in terres- 
trial and cislunar space. Such weights 
compare favorably with the many 
thousand pounds of long-range missile 
warheads. By reducing the nose 
weight to such an extent, flight per- 
formance is greatly increased. 

6. Auxiliary Power Supply. The 
state of the art in storage battery 
auxiliary power supply is sufficiently 
advanced to permit the operation of 
battery-powered satellites which carry 
a considerably greater payload than 
Janguard (approximately 28 watt-hr 
per lb of battery weight for activated 
battery types). However, as the pay- 
load becomes more sophisticated, pos- 
sibly also involving TV_ transmission, 
batteries are not suitable because of 
the complex number of voltages re- 
quired. Alternate possibilities, such 
as the fuel cell battery, the solar bat- 
tery and the nuclear reactor battery, 
are presently under development. 
Among these, the fuel cell battery and 
the nuclear reactor battery can yield 
high wattage. Less than a decade 
from now, the space vehicle designer 
will be able to select among a variety 
of auxiliary power devices to satisfy 
special requirements regarding volt- 
ages, space, weight, duration and in- 
tensity of power drainage. 

7. Ground Test Facilities. A great 
number of Armed Forces and private 
industry test facilities are available for 
ground testing missiles of almost any 
practical size. Component test facili- 
ties, particularly engine test facilities, 
are numerous in private industry with 
provisions for testing motors to about 
1 million Ib of thrust. 

8. Launching _ Sites. A well- 
equipped research and development 
launching site has been established in 
recent years by the USAF in Florida 
(AFMTC). This site is capable of 
handling all large missiles presently 
under development, as well as the 
Vanguard missile. It can be expected 
that AFMTC will be the model for 
additional launching sites in the near 
future. 

9. Tracking and Communication. 
Tracking of space vehicles can be done 
optically and with lesser accuracy by 
radio. For the optical tracking of 
low-altitude satellites, the customary 
long focal-length astronomical tele- 
scopes of high precision can not be 
used, because of the rapid angular 
motion of the object. Therefore, spe- 
cial equipment of short focal length 
has been developed for the purpose of 
tracking Vanguard and other satellites 
(Baker-Super-Schmidt). For photo- 
graphic tracking, it is important to 
note that very high-speed photographic 
emulsions and developers for greatly 
improved sensitivity, compared to a 


few years ago, are available. Still 
faster speeds (about 50 times those of 
fast emulsions) are available for photo- 
electric tracking by means of the image 
converter and image-tube techniques. 
Although this latter method is less 
well developed at this time (lower 
accuracy in determining the object's 
position), it holds great promise which 
makes further developments not only 
possible, but quite attractive. 

It is hoped that optical tracking 
accuracies with short focal length in- 
struments of the order of 1 sec of are 
can be achieved eventually. This 
would correspond to 5.12 ft at 200 
miles or 6144 ft (almost exactly 1 


nautical mile) at lunar distance 
(240,000 miles). In the latter case, 
however, astronomical focal- 


length telescopes could be employed, 
capable of increasing the tracking ac- 
curacy to 0.1-0.01 n. mi. at lunar 
distance. 

For radio tracking, radar and a very 
accurate phase-comparison technique, 
based on the interferometer principle, 
has been developed. Radio tracking 
has the advantage of being independ- 
ent of overcast. Thus, through Van- 
guard, as well as on account of the 
developments in long-range guided 
missile tracking, a state of the art has 
been reached in tracking and commu- 
nication (telemetering) which is po- 
tentially adequate for operations in 
the entire earth-moon system. 

10. Supporting Industry and Re- 
search. It should summarily be noted 
here that a tremendous background is 
available, not only in the form of big 
companies with a wide variety of re- 
search laboratories and test facilities, 
but equally important, in the form of 
a large number of smaller enterprises. 
Industrial companies specialize in 
liquid or solid rocket engine develop- 
ment, in the development of guidance 
systems, air frames, power supply, de- 
velopment, and production of new pro- 
pellants and of new materials for a 
great range of temperatures from stor- 
age of liquid gases to resistance to ex- 
treme temperatures. Most important, 
however, is the scientific approach to 
engineering development, which has 
become customary, and the build-up 
of large, well-managed teams of sci- 
entists and engineers. 

In this form, industry, research and 
corresponding government facilities 
can solve any problem of space flight 
which will be encountered during the 
coming vears. By _ integrating ap- 
parently remote industrial fields, such 
as, for example, the fabrication of large 
balloons, new and important contribu- 
tions to space flight become possible. 
Small high-altitude rockets have been 
fired from balloons and the firing of 
satellite rockets and even lunar rockets 
from balloons has been suggested. Of 


January 1958 / Astronautics 27 


} F 
he 
as 
of 
er 
rO- 
fe. 

a 
ts. 
ve 
‘al 
es 

to 
ry 

of 

1e 

it 

t, 

y | 


great importance is the use of balloons 
in high-altitude biological research. 
Balloons as carriers of stratospheric 
observations may eventually enable 
accurate optical tracking of space ve- 
hicles independent of weather con- 
ditions. 

Supporting research is conducted in 
the field of materials, electronic equip- 
ment, reliability of equipment, in wind 
tunnels, solar furnaces, electronic arc 
tunnels, rarefied gas flow facilities, the 
development of lightweight, high in- 
tensity light sources, special electronic 
computers, miniaturized television 
equipment, free radicals, receiver sig- 
nal/noise ratio improvement, attenua- 
tion measurements in flames, electronic 
packaging, improved measuring tech- 
niques, miniaturized instrumentation 
and a host of other activities. Never 
before in the history of mankind has 
research in fields potentially contrib- 
uting to the progress in astronautics 
been so vigorous and all-embracing as 
at this time. 

11, Advanced Research. In addi- 
tion to support research, advanced re- 
search is in progress directly aimed 
at increasing our potential capability 
to conduct space flight. Outstanding 
examples are the research in the field 


of nuclear propulsion for rockets, and 
contracts let by the Air Force (OSR) 
in the field of plasma flow and ion 
propulsion systems, as well as Army 
research in advanced propellants, 
guidance and tracking. 

12. Space Biology. For several 
years, biological and medical research 
in connection with high altitude and 
space flight has been under way by 
the Air Force and the Navy. Details 
of this research and its effect on the 
development of pressure suits, bail-out 
equipment, etc., are well-known and 
will not be repeated here. Highlights 
of this work, from the viewpoint of 
astronautics, are the high “g” load re- 
search, the experiments in weightless- 
ness, the establishment of temperature, 
pressure, humidity and oxygen defi- 
ciency limitations, the effects of sud- 
den decompression, of vibration and 
of radiation, animal tests with high 
altitude rockets balloons and 
Project Manhigh, involving  experi- 
ments with humans at altitudes above 
100,000 ft for a 24-hr period. 

13. Systems Development Manage- 
ment. The development of large mis- 
sile systems, in this country or else- 
where, will always require close co- 
operation and management teamwork 


among agencies of the Department of 
Defense, the Armed Forces, or other 
branches of the Government, industry 
and science. Projects like the Van- 
guard missile or the ICBM involve 
countrywide cooperation of organiza- 
tions under the management of a mili- 
tary-scientific engineer‘ug team, or- 
ganized loosely after the model of the 
Manhattan project. | However, the 
goal is always quite specific and of 
comparatively immediate nature, com- 
pared to the long-range aspects of an 
over-all astronautics programs. A 
special Scientific Advisory Committee 
assists the Secretary of Defense and 
provides technical advice and counsel 
to all three services. 

14. National and International Law. 
There is precedent for considering 
the space above the sensible atmos- 
phere as the domain of no one nation, 
Both the U. S. and the U.S.S.R. have 
announced their intention to fly scien- 
tific satellites. These announcements 
have been received without protest 
from nations to be overflown. The 
outlook for “freedom of space” on a 
par with “freedom of the seas” is good. 
Establishment of this condition in 
international law is a prerequisite to 
any national space flight program. 


THE ARS SPACE FLIGHT TECHNICAL COMMITTEE 


Karel J. Bossart 
Convair-Astronautics 


Darrell C. Romick 
Goodyear Aircraft Corp. 


Kurt R. Stehling 
Naval Research Lab. 
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A Head table at New York Section Luncheon. Left to right, James J. Harford, ARS Executive Secretary; President- 
Elect Sutton; Outgoing President Truax; Robert A. Gross, New York Section President; Krafft Ehricke, Chairman, 
ARS Space Flight Committee; and Charles Marsel, N. Y. Section Vice-President. 


« | Snapped at the Statler / 


Left to right, G. Edward Pendray, Mrs. Fred Durant, Irwin 
Hersey and Mrs. Robert H. Goddard chat at reception prior to 


Honors Night Dinner. : 
Wernher von Braun looks glum as i 


Kurt Stehling, just off a plane from 

Cape Canaveral, discusses difficul- 
ties encountered in Vanguard TV-3 
launching. 


In another group, Robert C. Truax, William M. Holaday, Gray- 


: son Merrill and William H. Pickering. 
Harry F. Guggenheim and IAS 
President Mundy Peale smile for 
ff the photographer. 
) 


Krafft Ehricke, Mrs. & Mr. Otto Winzen and Maj. David G. 
Simons pause for a moment to pose for a photo. 
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President-Elect George P. Sutton (left) presents Outgoing President Robert C. Truax with a token of appreciation 


for his efforts in behalf of ARS during his term of office. 


Spotlight on ARS 


Record attendance of more than 2000 marks Twelfth Annual Meeting in New 


York. . . Sutton succeeds Traux as President. . . Stapp wins Vice-Presi- 


dency. . . Von Braun, Zucrow, Ramo, Summerfield named to Board of Directors 


By Irwin Hersey 


EDITOR OF ASTRONAUTICS 


HILE the American Rocket Society long ago 

atained maturity in terms of years—it has 
already celebrated its 27th birthday—it may truly 
be said to have come of age at the Twelfth Annual 
Meeting in New York last month. 

With interest in rocket and missile technology at 
an all-time high, neither discouraging news from 
Cape Canaveral nor a raging blizzard could dampen 
the high spirits and enthusiasm of the more than 
2000 members and guests who attended the meeting, 
the largest ever held by the Society. 

This fact was noted and commented upon by al- 
most everyone in attendance, including guest 
speakers Joseph Kaplan and William M. Holaday, 
the Society's national and section officers, rank-and- 
file ARS members and even the press. 
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It is indicated not only by the record growth of 
the Society during the past year—the most successful 
year in ARS history—and by the record attendance 
which marked the meeting, the many Technical 
Sessions, the Honors Night Dinner and other events 
on the interest-filled five-day program, but also by 
a growing awareness that ARS has taken its place 
alongside the many other national engineering and 
professional societies which have contributed so 
much to American progress in so many different 
fields of activity. 

As many speakers pointed out, this new maturity 
must indeed be a source of pride and satisfaction to 
long-time members of the Society, who have 
watched it grow from a handful of dedicated people 
into an organization which gives promise of pass- 
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Elected to Top American Rocket Society Posts 


The new President of the AMERICAN Rocket Society is now Chief 
of Preliminary Design for Rocketdyne, a division of North American 
Aviation, Inc., Canoga Park, Calif. Holder of B.S. and M.S. degrees 
from the California Institute of Technology, he has been an instruc- 
tor at Cal Tech, U.S.C. and U.C.L.A. An employe of Aerojet-General 
Corp. from 1942 to 1946, he has been with North American since 
1946. The first president and one of the co-founders of the ARS 
Southern California Section, he has been a member of the ARS 
Board since 1954 and was National Vice-President during 1957. He 
received the G. Edward Pendray Award in 1951 for his book, 
“Rocket Propulsion Elements.” 


Col. John P. Stapp, new ARS Vice-President, is head of the AF 
Missile Development Center Aero Medical Field Laboratory at 
Alamogordo, N.M. Holder of four degrees, including a Ph.D. from 
the University of Texas in 1940 and an M.D. from the University of 
Minnesota in 1944, Col. Stapp is perhaps best known for his part in 
the rocket sled human deceleration studies for which he received a 
Legion of Merit in 1952. A member of the ARS Board and Chair- 
man of its Membership Committee, he is a Fellow in Aviation of 
the Aero Medical Assn., and in 1954 received the Air Power Award 
for Science of the AF Assn. In 1955, he was the recipient of the 
ARS James H. Wyld Memorial Award. 


George P. Sutton 
President 


John P. Stapp 
Vice-President 


Wernher von Braun Maurice J. Zucrow 


ing the 10,000 mark in the not-too-distant future. 

George P. Sutton, chief of preliminary design for 
Rocketdyne, a division of North American Aviation, 
Inc., Canoga Park, Calif., will guide the destinies 
of the Society in the coming year. He succeeds 
Comdr. Robert C. Truax as ARS President. Elec- 
tion results were announced at the annual Business 
Meeting. 

Col. John P. Stapp, head of the Aero Medical 


Simon Ramo Martin Summerfield 


Field Laboratory, AF Missile Development Center, 
Alamogordo, N. M., was elected Vice-President in 
a close race with Krafft A. Ehricke of Convair-Astro- 
nautics and Kurt Stehling of the Naval Research 
Laboratory. 

Elected to full three-year terms on the ARS Board 
were Wernher von Braun, director, Development 
Operations Div., Army Ballistic Missile Agency, 
Huntsville, Ala.; Maurice J. Zucrow, professor of 
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AWARD WINNERS: Left to right, Thomas F. Dixon of Rocketdyne receives Robert H. Goddard Memorial Award 


from Mrs. Robert H. Goddard; Mrs. James H. Wyld presents Wyld Award to W. H. Pickering, Jet Propulsion Labo- 
ratory; and C. N. Hickman congratulates Capt. Levering H. Smith, Navy BuOrd, on receipt of Hickman Award, 


At left, Andrew G. Haley presents ARS Astronautics Award to Krafft Ehricke, Convair-Astronautics, while, at right, 


. 


Grayson Merrill, Fairchild Guided Missiles Div., accepts G. Edward Pendray Award from ARS Founding Member 


Pendray. 


gas turbines and jet propulsion and director of re- 
search, Jet Propulsion Center, Purdue University, W. 
Lafayette, Ind.; and Simon Ramo, president, Space 
Technology Laboratories, a division of the Ramo- 
Wooldridge Corp., Los Angeles, Calif. 

Dr. von Braun was re-elected, while Drs. Zucrow 
and Ramo succeed Milton Rosen of NRL and 
Andrew G. Haley, whose terms expired at the end 
of 1957. 

Martin Summerfield, professor of jet propulsion, 
Forrestal Research Center, Princeton University, 
Princeton, N. J., and Editor of Jer PRopuLSION, was 
elected to a two-year term on the Board, filling out 
Col. Stapp’s unexpired term. He will serve until 
the end of 1959. 

Other officers reappointed by the Society are: 
Robert M. Lawrence, assistant treasurer, Reaction 


Motors, Inc., Denville, N. J., Treasurer; James J. 
Harford, Executive Secretary; and A. C. Slade, 
Secretary. Haley will continue to serve as ARS 
General Counsel. 

The 2000 engineers and scientists from installa- 
tions and companies throughout the country—and, 
indeed, from all over the world—who attended the 
meeting crowded the 18th floor of the Hotel Statler 
during the week of Dec. 2-6 in an effort to take in 
as much as possible of the action-packed program, 
the largest ever presented at an ARS meeting. 

They had their choice of 14 Technical Sessions, 
embracing more than 100 authors and panel mem- 
bers, and covering such diverse subjects as solid 
and liquid rockets, combustion, propellants, ram- 
jets, instrumentation and guidance, space law and 
sociology, space flight and human factors. When 


Far left, Wernher von Braun reads 
citation accompanying ARS-Chrys- 
ler Corp. $1000 Student Award, as 
winner John R. Roth, MIT Junior, 
stands by. At left, President-Elect 
Sutton congratulates runner-up F. 


H. Reardon of Princeton Univer- 
sity, who received special citation 
for his paper. 
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they could find the time, they also attended sessions at the annual 
meeting of the ASME, held elsewhere in the hotel. They met at 
three different luncheons and at the annual Honors Night Dinner. 

Many made the quick trip up to the New York Coliseum to see 
the special Rocket and Satellite Exhibit that was part of the 26th 
Exposition of Chemical Industries. They enjoyed themselves at the 
New York Section Film Night, jammed the first classified technical 
session ever held at an annual meeting and took the opportunity 
to learn a little more about the Society by attending the annual 
Business Meeting, the first ARS Section Delegates Conference and 
the first ARS Eastern Regional Student Conference. 

And, of course, sandwiched in between all these events, there was 
an unending round of questions fired at them by reporters making 
up what was undoubtedly one of the largest press delegations ever 
to attend a scientific meeting of this kind, as well as innumerable in- 
terviews for radio and TV. 

While it would be almost impossible to list all the individual events 
at the meeting, a few highlights should be noted. Among these were: 

e Announcement at the New York Section Luncheon by Comdr. 
Truax and Krafft Ehricke, Chairman of the ARS Space Flight Com- 
mittee, of the proposed national space flight program drawn up by 
the Committee and now under considera- (CONTINUED ON PAGE 54) 


William M. Holaday, Director of 
Guided Missiles, Defense Dept., 
speaking at Honors Night Dinner. 


NEW FELLOW MEMBERS: Left to right, above, President-Elect Sutton congratulates Maj. David G. Simons, 
Lt. Col. Langdon F. Ayres and John F. Tormey. Below, Sutton follows through with H. L. Thackwell, Jr., S. Fred 


Singer, Noah S. Davis and Maj. Gen. John B. Medaris. 
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SHROUD AND FINS 


BUILT-IN BOOSTER: In thrust staging, dual-thrust solid 
propellant engine, three configurations for which are shown 
at right, is simpler, safer and more reliable than typical 


missile-booster system above. 


The race into space 


SINGLE CHAMBER 
SUSTAINER BOOSTER 
BOOSTER 
SUSTAINE 


Technical sessions at ARS annual meeting review recent advances in U. S. 


rocket and missile technology, highlight some significant developments 


NDER heavy attack at home and abroad for its 

seeming sluggishness, U. S. missilery had its 
day on the dais last month. The occasion was the 
12th Annual Meeting of the American ROCKET 
Society, held at the Hotel Statler in New York Dec. 
2-6. The spokesmen were this country’s top missile 
scientists and engineers. 

More so than most others, these men were in a 
position to recognize the real significance of the 
recent satellite launchings and to put the whole 
missile picture in its proper perspective. This they 
did, many times over and mainly on an informal 
basis. 

In their summation of the situation, Russia’s recent 
successes in the missile field were considered a 
challenge to this country, not a disaster. It is a 
strong challenge and must be met. More important, 
they said, it could be and was being met in the 
many different areas of missile research and de- 
velopment. 

In solid propellant rockets, the story was one of 
steady, significant advances, rather than of spec- 
tacular breakthroughs. 

¢ Loren E. Morey, Allegany Ballistics Laboratory, 
held up the Deacon as an important milestone in the 
development of solid rockets. Now 10 years old 
and with no weapons value, the Deacon represented 
the latest in rocket design for its time, serving as a 
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bridge between ABL’s wartime work and peacetime 
programs. It proved of value in the solution of such 
classical solid rocket problems as propellant grain 
fracture because of hard ignition, resonant chamber 
failure and material control. 

But the Deacon really came into its own as a 
workhorse for boosting aerodynamic test vehicles. 
NACA has used approximately 650 of them for pro- 
pelling scale models of the D-558, X-1, X-2, X-3, 
XB-91, XB-92, F-100, F-101, F-102, F-104, FSU, 
F1OF, F3H, F2Y, F3D, F4D, F5D, FIIF, B-58, 
Sparrow, Falcon, Rascal, Snark, Rigel, Regulus, Boo- 
jum, Navaho and Sidewinder. 


Used in Special Test Vehicle 


In combination with the Honest John, the Deacon 
was used to make a special test vehicle called the 
Father John. It has also been used as the power 
source for a high-speed centrifuge. In modified 
form, it has served as a precursor for the boosters of 
Terrier 1 and Nike 1, and for the first stage of the 
Terrapin. 

Today, the Deacon is still playing a useful role. 
In combination with Nike, it is used in solar flare 
work. It is also widely used in the Rockoon pro- 
gram. And there is an outstanding order for another 
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61 Deacons for Operation Pogo, in which the rocket 
will carry high altitude radar targets. 


Solid Rockets 


¢Solid rockets have come a long way since the 
Deacon. Just how far was suggested by Aerojet- 
General's R. S. Newman in his discussion of the 
dual-thrust solid propellant rocket engine. 

It has long been recognized, said Newman, that 
thrust staging provides the most efficient means of 
powering a missile to a desired velocity within a 
specified time. The conventional booster-sustainer 
system, to which family the Deacon belongs, is one 
way of doing this, and offers the advantage of being 
able to jettison booster dead weight once it has 
served its purpose. 

But this system also has its disadvantages. The 
falling booster constitutes a hazard; separation is 
often a problem, requiring the use of ejection de- 
vices with their additional weight; and, finally, the 
problem of obtaining the proper ignition sequence. 

All these disadvantages, Newman added, can be 
eliminated by using dual-thrust engines such as 
those now under development. These fall into 
three categories: Two chambers in tandem with 
one propellant in each chamber; one or two propel- 
lants in one chamber; or one partitioned chamber 
with one propellant in each section. 

Although the dual-thrust system is handicapped 
by having to carry the extra weight of a larger cham- 
ber, it represents a significant step forward for 
solids. Among other things, it shows how a single 
solid rocket engine can be tailor-made to fit a 
missile system simply, reliably and economically. 


Ramijets 


There is an important gap in the jet propulsion 
spectrum that can be filled best—if not solely—by 
the ramjet. Yet, compared to turbojets and rockets 
ramjets constitute a virtual unknown today. 

Appearances to the contrary, however, interest in 
ramjets is not dead. And progress in this area is 
being made steadily, albeit quietly. Some of the 
most notable advances in this area are taking place 
in the field of fuels. The approach here again has 
not been one of spectacular breakthroughs, but 
rather one of step-by-step optimization. 

¢W. G. Berl and W. T. Renich, of Johns Hopkins 
University’s Applied Physics Laboratory, pointed 
out that a number of good ramjet fuels are now 
available, and selection of the most suitable fuel for 
a particular operation depends upon factors such as 
availability, cost, and specific impulse. 


FATHER JOHN: A special test configuration in the 
Honest John system, it consists of a standard M-6 JATO 
in combination with six to 10 Deacons. 


TWO DEACONS powered this huge Sandia Corp. 
centrifuge to a top speed of 157.5 mph. 


In their paper, “Fuels for Ramjets,” the authors 
limited themselves to thermochemical and kinetic 
criteria. From this viewpoint, they felt it was desir- 
able to concentrate on hydrogen derivatives of 
boron, carbon or beryllium if high fuel specific im- 
pulse values are desirable. 

Solely from the thermochemical angle, they con- 
cluded that boron-hydrogen compounds seem to be 
best, followed by hydrogen derivatives of carbon. 
Thermodynamic considerations narrow the focus to 
diborane and pentaborane, which also appear to 
possess very favorable kinetic properties. But, the 
authors pointed out, experiments on the combustion 
of diborane and pentaborane have not always pro- 
duced expected performance. 

Thus, they conclude, only in special cases can the 
use of high energy or (CONTINUED ON PAGE 86) 
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A look 4 free radicals 


Cryogeni¢s rs may Bast to utilize “‘non- redox"’ 
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systems of 


By G. C. Szego and E. A. Mickle *:,, 
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Performance and temperature parameters versus composition. 


oxidizer. At right, oxygen free radical in oxygen. 


ample, the use of tetraethyl lead as a motor fuel 
additive to reduce “knock” in internal combustion 
reciprocating engines. 

Free radicals possess considerable energy above 
that of the parent species. Some typical examples 
are shown in the table on this page. 


Energy Levels Are Much Greater 


Because their energy levels are so much greater 
than those of the parent species, free radicals have 
often been proposed as high-energy propellants. 
The problems lie in obtaining large enough concen- 
trations of the free radical, stabilizing the radical 
for usefully long periods of time and effecting rapid 
but controlled release of this stored energy. 

The Department of Defense, because of its in- 
terest in high-performance fuels, has undertaken 
the support, for a three-year period, of an unusual 
research effort at the National Bureau of Standards 


Relative Energy Content of Free Radicals 

Energy of Energy of 

Dissociation, Dissociation, 
Kcal per gmol  Kcal per gmol 

Parent of Parent of Parent 
Species Radical Species Species 
Hy H 103.24 
No N 224.90 8.03 
CoHs CH; 83.317 
NH, N,H 277 16.26 
Fe F 35.6 0.94 
CH, C,H 363.5 22.66 
CH, CH:;, H 101 6.30 
H,O H, OH 118 6.55 
NH; NH», H 102 5.99 
Ne Ne* 380 18.83 
He He* 453 BES.17 
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At left, hydrogen free radical in hydrogen, without 
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RECIPROCAL OF ADIABATIC TEMPERATURE 1000, °R™! 


Effect of chamber pressure on specific impulse of H-H. 
systems is shown at top. Effect of pressure on adiabatic 
reaction temperature at various initial mol fractions of 
H in H-H, systems is illustrated above. 
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Performance of He*® and Ne® diluted with He (left), and of fixed percentages of He® in a Ne, 


He diluent mixture (right). 


in the formation and stabilization of free radicals. 
At the Bureau, under the direction of Herbert 
Broida, a team of scientists from the Bureau, uni- 
versitics and industry is now at work on these prob- 
lems. 

While the general propulsive performance of 
free radicals as rocket fuels has been surveyed, ex- 
tensive tabular information regarding the thermo- 
dynamic properties of free radical systems and 
their equilibrated mixtures has not been prepared. 
Such information is important to research workers 
in free radical systems and to those who seek to 
evaluate the behavior and performance of presently 
hypothetical free radical fuels. 
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The work discussed here is the result of a con- 
tract sponsored by U. S. Army Ordnance for the 
investigation of the theoretical performance of high- 
energy propellants at the Rocket Engine Section, 
Aircraft Gas Turbine Div., General Electric Co., in 
Cincinnati. Our work involves the computation of 
performance parameters and thermodynamic prop- 
erties of the products of free radical and other 
metastable fuels. 

The performance of a rocket fuel is dependent on 
the energy content of the total propellants. Making 
the usual assumption that expansion conditions will 
be such that about one-half of the total energy avail- 
able is converted into usefully oriented energy, one 
obtains the well-known relationship: I, see = 208 
Keal/gm. 


Possess Enhanced Performance Capabilities 


This relationship is plotted in the graph on page 
36. Reference again to the table on page 37 indi- 
cates that free radicals would possess markedly en- 
hanced performance capabilities. A few of these 
are indicated in this graph. 

Some more specific performance figures are 
shown in the first two graphs on page 37. The first 
graph indicates the performance of H-H. mixtures 
without subsequent oxi- (CONTINUED ON PAGE 64) 
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Solid propellants 
and the conquest of space 


The best way to achieve very high thrust needed to lift heavy loads as- 


sociated with space flight, says this solid fuels advocate, is by scaling- 


up a single solid engine for the first stage, and this we can do today 


By Harold W. Ritchey 


THIOKOL CHEMICAL CORP., HUNTSVILLE, ALA. 


Harold W. Ritchey has since 1949 . 


been Technical Director of Thiokol’s 
rocket activities which are now spread 
to four divisional locations. In_ this 
capacity, he has worked on the design 
and developed fabrication techniques 
and manufacturing methods for many 
advanced solid propellant rockets used 
in guided missiles. Prior to joining 
Thiokol, he worked in petroleum re- 
search and was with General Electric 
Co., at Harford, Wash., as an atomic 
reactor engineer. During World War 
II, he served as a naval officer, spe- 
cializing in explosives and rocketry. 
Dr. Ritchey was the recipient of the 
1954 Hickman Award of the AMERI- 
CAN Rocket Society for his work in 
solid propellants, and is now a mem- 
ber of the ARS national board of 
directors. 


HE TITLE of this article injects us immediately into a field so 

controversial that it seems necessary to delay the principal argu- 
ment until the reader is properly oriented with respect to the present 
status of solid propellant rocket technology. 

The work of Goddard with liquid fuels constituted the first 
realistic approach to the problem of obtaining high-performance 
rockets. This foundation was built on by the Peenemiinde group 
and created a tremendous impact on world opinion, both in the 
political and technological sense. Most of us who had followed the 
progress of rocket technology over a period of 20 years prior to the 
mid-1940's had formed a firm opinion that solid propellant rockets 
had no future in applications requiring large size, long duration or 
high ratios of fuel to inert engine components. It seems this 
opinion is still widely held by a large number of very competent 
engineers and scientists who have not taken the trouble to acquaint 
themselves with progress in solid propellant rocket technology. 

The very poor competitive position of solid fuel rockets in the mid- 
“40's was caused not so much by the achievements of the liquid fuel 
rocket but more by the deplorable state of the art in the solid pro- 
pellant field itself. Starting with the Chinese in the 12th to 13th 
Century, extending through the days of Congreve, to the rockets 
in use during World War II, it was possible to make a number of 
derogatory statements concerning solid fuel rockets and make these 
charges stick. Some of the more important of these charges are: 

1. “Solid fuel rockets are hazardous and unpredictable bombs full 
of explosive, and cannot be counted upon for reliable performance.” 

Early rockets were indeed crude pressure vessels with a charge 
of black powder tamped in place or with sticks of smokeless powder 
of unpredictable physical and burning characteristics. Until the 
mid-'40’s, the indictment was difficult to refute. 

2. “Good fuel mass ratios and long durations cannot be attained 
because the walls of the pressure vessels are always exposed to heat, 
and the entire charge must be packaged in a high-pressure com- 
bustion chamber.” 
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Heavy insulating coatings, propellant volume 
losses and thick pressure vessel walls were neces- 
sary to insure performance of a solid propellant 
rocket. This was indeed true in the days when 
rockets were composed of external burning powder 
sticks, and, with such design limitations, there 
seemed to be no way to correct this basic defi- 
ciency. 

3. “Solid propellant rockets cannot be adapted to 
incorporate thrust vector control and thrust termi- 
nation.” 

The real breakthrough in the field of solid pro- 
pellant rocket technology came shortly after the 
mid-'40’s, when the Jet Propulsion Laboratories at 
the California Institute of Technology, working 
under a contract with Army Ordnance, demon- 
strated the fundamental advantages of the cast-in- 
place, internal-burning propellant charge supported 
by bonding it to the wall of the pressure vessel. 
The application and extension of this simple con- 
cept permitted a major breakthrough in the field of 
rocket technology. 


Solids and Liquids Compared 


Those who wish to retain their claim of being 
experts in the field of rocket propulsion may profit 
by examining the competitive position of solids 
versus liquids in the light of today’s technology. 
Let's consider each of the major charges listed above 
and see what can be done about refuting them. 


m=K3 At Pc 


Mass rate of “injection” and ejec- 
tion of propellants as a function of 
pressure in solid propellant rockets. 


MASS RATE 


Typical cast-in-place, case-bonded, 
internal-burning solid rocket. 


A rebuttal to the first charge can be established 
only for those who are willing to take the time to 
develop a fundamental understanding of how a 
solid propellant rocket charge operates. A typical 
solid propellant rocket is shown above. Internal 
perforation is arranged to provide a constant burn- 
ing surface during the entire operation of the 
engine so that pressure and thrust are essentially 
constant. Since burning occurs from the inside out- 
ward, the flame does not contact the walls of the 
pressure vessel until the end of the burning period 
when the pressure starts to drop. When the pro- 
pellant is properly compounded, the linear rate of 
regression of the surface at any point will follow 
the equation r = K,P". “P” is the combustion cham- 
ber pressure. Propellant burning rate will be equal 
to the constant “K,” times the pressure to the “n” 
power. When the propellant is properly manufac- 
tured, both “K,” and “n” can be held within such 
narrow limits that it is almost impossible to detect 
batch-to-batch differences in burning rate at a 
constant pressure with present instrumentation. 

It is highly important that the exponent “n” be 
less than unity. This can be understood by refer- 
ring to the graph below. 

For any given design where the burning surface 
is fixed, the mass rate of generation of working 
fluid will be equal to the burning surface multiplied 
by the density and the linear burning rate. The 
mass rate of generation of working fluid of such a 
design is shown for a situation where “n” is less 
than one by the parabolic curve shown in. this 
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graph. On the other hand, gas is discharged soni- 
cally through the nozzle throat in accordance with 
the straight line shown on the graph. This rela- 
tionship is linear with pressure if the thrust, nozzle 
throat area and thermodynamic constants of the 
exhaust gases are fixed. It is obvious that, where 
these two curves cross, a stable pressure is attained 
for the system (as long as the charge maintains its 
mechanical integrity so that the burning surface 
corresponds to the design value). 

As long as the nozzle throat remains the designed 
size, it is impossible for the rocket to operate at any 
other pressure. With any given design, of course, 
this operating pressure can be changed by changing 
the propellant burning rate, burning surface or 
nozzle throat area. Choice of propellant composi- 
tion and geometry permits a wide range of pre-pro- 
grammed thrust characteristics depending upon the 
requirements of a particular missile system. 


Present Only a Fire Hazard 


In regard to the application of the word “explo- 
sive” to the solid propellant, it should be pointed 
out that the large majority of the composite pro- 
pellant compositions in use today will not sustain 
a detonation wave even when boosted with ex- 
tremely high initiating detonators, and therefore 
present a fire hazard only. Most of these materials, 
as Ordnance Class 2 “explosives,” require fire 
barriers and quantity separation based on a ma- 
terial that is non-detonating in nature and consti- 
tutes only a fire hazard. 

Part of the rebuttal to the second indictment has 
been established in the preceding paragraph, where 
it is pointed out that the internal burning grain 
protects the walls of the pressure vessel against hot 
gas. It is therefore possible to utilize the cold 
strength of the metal in pressure vessel design, and 
insulating coatings are necessary over such a small 
portion of the internal rocket surface that volume 
and weight penalties are practically negligible. 

(CONTINUED ON PAGE 75) 


THEORETICAL ATTAINABLE VELOCITIES 
With Assumed Engine Performance Parameters 


Vehicle Vehicle Vehicle | 
| 


Propellant I.,, at designed oper- 


ating pressure and sea level 195 225 260 
Propellant weight/total engine 
weight 0.85 0.92 0.92 
| Take-off weight/Ib payload 3125 625 125 
Theoretical velocity (fps) 39,700 42,600 43,500 
Number of stages 5 4 3 


Warhead 


Guidance 


Pressure 
Vessel 


Propellant 


Control 
Actuators 


Fuel tank of this type, utilized in solid rocket, carries 
aerodynamic loads imposed in flight, permits elimina- 
tion of large portion of missile structure. 
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The Douglas-Tulsa high-altitude test chamber. ECM compartment from B-66 is being dynamically tested here. 


Photo also shows master control for chamber. 


Human factors and space cabins 


A look at the engineering and technological problems associated with 


keeping living components operating at peak efficiency in space, and 


how R & D work in this area is helping in the solution of such problems 


By Eugene B. Konecci 


HEAD, HUMAN FACTORS GROUP, DOUGLAS AIRCRAFT CO., INC., TULSA, OKLA. 


“HERE LL always be a man” is a phrase that has 
a significant bearing on human factors efforts 
in the conquest of space, since the human ele- 
ment is continuously present in the design, con- 
struction, servicing and testing of space vehicles. 
In addition, if man is to travel beyond the earth’s 
protective air-blanket for a period of days, months 
or years, an assumption must be made that the engi- 
neering and technological problems associated with 
man’s well-being in space can be solved. The prime 
responsibility of human factors in astronautics is 
thus to insure that the human components in space 
vehicles are maintained at peak efficiency. 
One prerequisite for insuring peak efficiency is to 
provide astronauts with adequate protection against 


Based on a paper presented at the ARS 12th Annual Meeting in 
New York City Dec. 2-5, 1957. 
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those environmental hazards inherent in orbital 
exospheric flight and interplanetary travel. Other 
factors include keeping space men physically strong, 
mentally sound and emotionally stable. 

In the past, efficiency of a military pilot and crew 
may have been compromised to gain increased per- 
formance of the aircraft. In orbital or interplane- 
tary space flight, however, a compromise at the ex- 
pense of the human occupant is no longer possible. 
To fully utilize man’s capabilities of perception, 
judgment based on reasoning and reaction in a man- 
space-machine relationship, an optimal environment 
must be furnished the astronaut. A hermetically 
sealed —omni-environmental _ terrestrial-equivalent 
space cabin becomes an indispensable requirement 
to manned space flight. The human factors con- 
cerned with such a space cabin, i.e., containing an 


4 
| 


re, 


DOUGLAS—TULSA 


optimum all-inclusive sea-level environment, are HIGH-ALTITUDE CHAMBER CAPABILITIES 
the subject of this article. abies 
It is apparent that all the conditions of space can- = = 
not be duplicated on earth. However, most of the 643 70 
factors pertinent to the survival and well-being of oe 
the astronaut can be simulated and tested on the Oe \ A 
ground before the first space flight. | 
For example, the AF School of Aviation Medicine 
at Randolph AFB, Tex., is presently studying the / 
medical problems of space flight in its experimental | 
space cabin simulator. These studies include 
changes in the atmosphere of the cabin caused by $ 8 
the human occupant, the physiologic effects of these yee 
changes and methods of controlling them. : 2 oi 
= z6 
12.23 5 
Studying High Vacuum Phenomena P 
| 
Litton Industries, under an AF contract, is study- ’ 
ing high vacuum phenomena. The company has 
constructed a high vacuum. altitude chamber 15 ft | 
long and § ft diam. The engineering design of the | 
chamber utilized techniques developed in the nu- | 
clear energy field for attaining high vacuums in the ‘0 1 2345 678 9 0 2 13 14 
order of 10 mm Hg pressure. Litton also designed 
and fabricated a pressure suit to allow a man to A. MAXIMUM RATE OF DESCENT USING RAM AIR 
work in the chamber under high vacuum conditions. B. MAXIMUM RATE OF CLIMB USING STEAM JETS 
(CONTINUED ON PAGE 71) C. EMERGENCY VACUUM DUMP RATE OF DESCENT 


GENERAL PARAMETERS OF AUTOMATIC CONTROLS 
IN SPACE VEHICLES 
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T.V., Radar, Optical Infrared, 
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Aspects of Vanguard propulsion 


Previously established techniques as well as new approaches have been 


used to find the answers to major technical problems, many encountered 


in the past, but never at one time or of such a degree of complexity 


By Kurt R. Stehling 


NAVAL RESEARCH LABORATORY, WASHINGTON, D. C. 


Kurt R. Stehling is head of the 
Vanguard propulsion group at the 
Naval Research Laboratory, charged 
with supervision of powerplant de- 
velopment for the project. A graduate 
of the University of Toronto, he 
worked on high altitude infrared spec- 
trometers and combustion phenomena 
at the American Optical Co. in Buf- 
falo, N. Y., in 1949-50, and was a 
rocket research engineer with Bell 
Aircraft Corp. from 1950 to 1953. In 
1953-54, he did research work at the 
Forrestal Research Center, Princeton 
University. Prior to joining NRL in 
1955, he was acting group leader of 
Bell’s Fluid Mechanics and Heat 
Transfer Rocket Section in Buffalo. 
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HE DESIGN of a rocket vehicle can be compared to the design 

of a racing car, especially from the standpoint of propulsion. 
For example, if you want to build a racing car which will achieve 
a certain speed, you can go about it in one of two ways. You either 
take an existing engine and modify it so that it will produce sufficient 
power to drive the car at the desired speed or you can start at the 
very beginning, by designing a brand new engine for the car. 

Each of these approaches has certain advantages and disadvan- 
tages. Let’s say you use the first method. In this case, you take an 
existing engine and raise the compression ratio, perhaps add a 
supercharger to increase the fuel-air mixture that gets to the cylin- 
ders, redesign and strengthen the camshaft, reduce exhaust back 
pressure, and use bigger pumps to increase coolant flow and oil 
velocity. 

This gives you a more powerful engine, with more torque, and 
with working components modified and strengthened so that they 
can handle this increase in power. Then, if you design a chassis 
to take the “hot” engine, you can reach the speeds you're aiming for. 


Little Doubt that This Technique Works 


There’s little doubt that this technique works. Indeed, many rac- 
ing cars in this country are built on this principle. “Souped-up” 
engines are frequently used with specially modified and “beefed-up” 
chassis, and cars of this type have set some remarkable speed records. 

In the second approach, you start cold and design a new engine 
from the very beginning. In this way, you can design camshafts, 
connecting rods, gear trains and ignition systems which are far 
superior to the common, garden variety found in the standard mass- 
produced car. Motors of this type are usually very finely tuned 
and, like thoroughbreds, temperamental and sensitive to minor 
mechanical defects and fuel contamination, which would not affect 
a rebuilt engine with the larger tolerances inherent in a mass- 
produced item. 

The Vanguard propulsion system falls midway between these two 
approaches. It is neither a completely new system nor is it made 
up of “off-the-shelf”? hardware. Its technical roots dig into the 
fertile soil of previously established propulsion techniques, while 
several new approaches have been developed which go beyond 
established practices and principles. 


There are some important areas in which the 
propulsion aspects differ from those used in “con- 
ventional” systems and which have required con- 
centrated development and engineering effort. 

For example, the combustion efficiency of all 
three rocket motors—Stages I, II and III—is near 
the limit of the theoretically possible. This brought 
problems of heat transfer and stability which in 
turn raised problems of cooling with the existing 
materials used in the chambers. Since the first and 
second stages are liquid propellant rockets, it has 
been possible, by proper design, to adjust propel- 
lant coolant flow rates and jacket pressures so as 
to absorb the heat flux necessary to maintain the 
integrity of the combustion chamber liner. How- 
ever, this has not been done without difficulty. 


Results in High Flame Temperature 


In the first stage, the high chamber pressure 
results in a high flame temperature. Thus much 
thought had to be given to the design of coolant 
passages in which liquid pressure is maintained at 
a point where the saturation temperature is below 
the critical value throughout the cooling jacket. 

It is, and has been, difficult to sort out the effects 
of chemical erosion in the chamber caused by oxi- 
dization of the metal by free oxidizing components 
and failure resulting from the coolant being in a 
critical region, such as “film boiling.” In either case, 
chamber wall failure is possible, but examination of 
the results in many cases does not determine the 
cause. It has been difficult also to show the con- 
nection between injector flow pattern and chamber 
wall erosion. 

It has yet to be shown that injector flow pattern 
is primarily responsible for wall erosion. There is no 
question that the pattern does have some effect, but 
it is almost impossible to predict the magnitude of 
this effect. Therefore, it is hard to make adjust- 
ments in injector flow pattern in any scientific way, 
and “rule-of-thumb” methods must be used. Thus 
every injector designer has his own pet pattern or 
scheme for a pattern which will not result in cham- 
ber wall grooving, scoring or erosion. 

Another school of engineers believes chamber 
cooling capabilities should be beyond the influence 
of injector erosion, and that cooling should be so 
thorough and complete that, no matter what the 
injector tries to do, neither chemical nor physical 
erosion could occur. That is to say, this school 
believes the wall temperature should be low enough 
so that no thermochemical erosion is possible. 

It has been shown, in the case of the Vanguard, 
at least, that adjustment of both these elements, 
namely the injector and coolant velocity, in the 


First-stage Vanguard engine. Built by General Elec- 
tric Co., it uses a kerosene-LOX propellant combination. 


Mock-up of Aerojet-General Stage II engine, attached 
by “mono-ball” gimbal to oxidizer tank. 


January 1958 / Astronautics 45 


\ 
wed 
07 
+4 
| | 
a 


SUMMARY OF VANGUARD PROPULSION DATA 


STAGE I Engine-General Electric Co. 
(a) Thrust: 28,000 Ib. (approx.) 


(c) Burning Time: 2 min lapprox.) 


(d) Ignition: Pyrotechnic squib 
(e) Mounting: Gimbal 


STAGE Il Engine-Aerojet-General Corp. 
(a) Thrust: 7500-8000 Ib 


(c) Burning Time: 2 min (approx.) 
(d) Ignition: Propellants are hypergolic 


Mounting: Ball-and-socket gimbal 


yaw and roll control 


(a) Thrust: 2800 Ib 
(b) Burning Time: 20-30 sec 


(d) Throat Lining: Carbon 


(b) Propellants: Kerosene (used as coolant) and liquid oxygen 


(fl Propellant Feed: Turbo-pump, powered by H2O2 decomposition 
(g) H2O2 decomposition ''steam” is exhausted through roll-control nozzles 
(h) Construction: Steel, double-walled, spiral flow, kerosene-cooled 


(b) Propellants: White fuming nitric acid and unsymmetrical dimethyl hydrazine 


(e) Propellant Feed: From helium-pressurized stainless steel propellant tanks 


(g) Control during coasting (burnout) period: Small gas nozzles, using remaining helium, exercise pitch, 


(h) Small solid propellant rockets (Atlantic Research Corp.) fire for one second at end of Stage II flight 
(i) Construction: Aluminum tube-bundle, welded and wire-wrapped 


STAGE Ill Engine (Solid Propellant)-Grand Central Rocket Co., Allegany Ballistics Laboratory 


(c) Flight Stability: Achieved by spinning unit at 150 rpm (approx.) 


(e) Ignition: "Propellant charge” enclosed in restraining tube. 
separation of unit. Atmospheric pressure maintained by sealing plug in throat 


15 sec delay fuse built in to permit spin-up 


first-stage engine, has produced an excellent cham- 
ber which has survived a rather rigorous acceptance 
firing schedule. 

The second-stage thrust chamber does not operate 
at a high chamber pressure. Low chamber pressure 
reduces the heat rejection rate and perhaps increases 
the gas film heat transfer coefficient. At the same 
time, however, the liquid film coefficient is reduced 
and saturation temperature of the acid coolant is 
lowered to a critical level. 

Since the combustion efficiency and temperature 
of the chamber do not drop significantly with cham- 
ber pressure, the second-stage chamber must at 
the same time be resistant to the heat rejection rate 
in the combustion process and have a rather low 
coolant velocity and pressure. Unfortunately, once 
chamber design is fixed, it is most impractical, 
within the time scale of this project, at any rate, to 
change coolant velocity by altering jacket design. 
Very little adjustment of chamber pressure is possi- 
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ble, since this would be reflected in the pressurized 
tankage complex, which cannot suffer an increase in 
internal pressure. If erosion is encountered, the 
possible remedies are therefore very limited. 

It is thus necessary either to reduce the firing 
time of such a chamber in its testing period and/or 
to produce an inert coating for the inner walls 
which will protect these walls from erosion. How- 
ever, coatings in turn introduce a_ considerable 
problem of impermanence and mechanical insta- 
bility, and tend to increase hot wall thickness. This 
is contrary to good heat transfer practice, which 
usually calls for the thinnest possible wall. Further- 
more, if the coating is black or dark, it absorbs a 
large fraction of radiative heat transfer and thus 
may contribute to wall failure. The writer does 
not know of any thrust chamber liner coating which 
has successfully withstood exposure to combustion 
lasting longer than 80 sec or so. A coating can, 
however, ameliorate wall failure by “postponing” 
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the normal time of failure. 

It is even more difficult to make design changes 
in the solid propellant third-stage rocket, if such 
changes were necessary. Once the geometry of the 
rocket and the propellant charge have been deter- 
mined, very little can be done to adjust either if 
trouble occurs. The third stage has problems of 
heat transfer, especially in the almost complete 
vacuum of the 300 miles or so of launching altitude. 

Fortunately, a solid propellant rocket has inherent 
self-curing properties which the liquid rocket does 
not have. Chamber heat rejection is controlled by 
the propellant itself, which acts as an insulator 
until burnout. The combustion flame is a reducing 
flame, or at least can be so adjusted, and therefore 
the use of such throat materials as carbon and 
molybdenum are possible. These materials have 
high melting points but are not at all resistant to 
oxidation. They can, therefore, be efficaciously used 
in the solid propellant combustion process. 

Since the specific impulse in a vacuum is inde- 
pendent of chamber pressure, it has been possible 
to reduce chamber pres- (CONTINUED ON PAGE 68) 


LOX TANK 
HELIUM REGULATOR 


FUEL TANK 
HELIUM REGULATOR 


FUEL FILL VALVE 


TO ENGINE CONTROL VALVES 


LOX PUMP 

HYDROGEN PEROXIDE 
FILL 


—|- —TURBINE 


THRUST CHAMBER 


10 4 +20 
1 14 
~ 
oT 
44 t~ 
= w 
<€ 3+ ae > 
a2 4k 
< 
< 1 +2 
° + + + + + 
0.5 1.0 Ls 2.0 2.5 3.0 
TIME FROM TAKEOFF (SEC) 


“Getaway” curve for a hypothetical large liquid pro- 
pellant rocket vehicle. Since getaway is slow, control 
problems arise if perturbing forces such as high winds 
are present. Vanguard may encounter such problems. 
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Schematic of Sputnik II, showing (1) nose cone; (2) instrumentation for measuring solar radiation; 
(3) capsule containing additional instrumentation and radio transmitters; (4) frame to which 
instruments and equipment are secured; and (5) sealed chamber housing Laika. 


Sputnik Il through Russian eyes 


Although silent on launching vehicle and means of propulsion, these 


translations from the Soviet press offer hitherto unreleased data on 


structure of the satellite and the biological experiments performed 


AUNCHING of the first two Soviet earth satellites 
is contributing tremendously to knowledge of 
the upper atmosphere and of the universe. 

Sputnik II, with a payload of 1120.29 Ib, six times 
greater than Sputnik I, was placed in orbit by means 
of a multi-stage rocket. The rocket rose to a height 
of several hundred kilometers and then, in its last 
stage, turned to move parallel to the earth at a speed 
of more than 26,240 fps to become a satellite. Since 
the speed of the final stage was greater than that 
required for a circular orbit at that point, the second 
Sputnik went into an elliptical orbit, with an apogee 
of 1055 mi, almost double that of Sputnik I. 

Because the size of the major semi-axis of the 
Sputnik II orbit is greater than that of Sputnik I, 
its period of revolution is also greater—103.7 min at 
the beginning of its flight. This means Sputnik II 
makes about 14 full revolutions around the earth in 
24 hr, whereas Sputnik I made about 15 revolutions 
at the beginning of its flight. The shift of each turn 
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of the spiral along the line of longitude due to the 
earth’s sidereal rotation is roughly one-fifteenth 
larger for Sputnik Il than for Sputnik I. The dis- 
tance between two turns of the earth spiral is ac- 
cordingly greater by the same value. 

The resistance of the earth’s atmosphere has had 
a braking effect on the satellite, and its orbit is thus 
changing in size and shape. Since the atmosphere 
is exceedingly rarefied at great altitudes, braking 
effects acting on the sputnik are negligible, and 
changes in orbital parameters are therefore very 
slow. 

Sputnik II’s life-span depends on the value of 
this atmospheric braking. It is quite clear that the 
greater the period of revolution and the lesser the 
braking, the longer the sputnik’s life. Calculations 
based on data yielded by tracking Sputnik I and its 
carrier rocket indicate that Sputnik II’s life will be 
about three months, counting the day of its launch- 
ing. The greater period of revolution of Sputnik II 
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and the small magnitude of the braking value, which 
is less than for Sputnik I, indicate that Sputnik I 
will orbit appreciably longer than Sputnik I. 

Present systematization of the results of trajectory 
measurements will enable us to determine fully the 
entire process of the evolution of the orbital param- 
eters of both sputniks and obtain important in- 
formation about density distribution in the top layers 
of the atmosphere. Later, we shall be able to fore- 
cast reliably how long the sputniks will live. 

Sputnik IH, unlike Sputnik I, is the last stage of a 
rocket housing all the scientific and measuring 
equipment. This appreciably simplifies the task of 
ascertaining the satellite’s bearings by means of 
optical observation, since the experiment with Sput- 
nik I has shown that tracking of the carrier rocket is 
far simpler than tracking of the satellite itself. The 
brilliance of the carrier rocket is greater than that of 
Sputnik I by several stellar magnitudes. 


Instrumentation Listed 


In the nose of the final stage of the rocket, fixed 
to a special frame, are instruments for studying solar 
radiation in the ultraviolet and x-ray regions of the 
spectrum, a spherical container with radio trans- 
mitters and other instruments, and a hermetically 
sealed chamber to house Laika. Apparatus for 
cosmic ray investigation is fixed to the rocket body. 
The devices and containers installed in the rocket 
were shielded from aerodynamic and heat effects of 
the rocket’s passage through the dense layers of the 
atmosphere by a special protective nose cone. After 


Sputnik II instrumentation. 
Laika; upper capsule houses instruments. 


Capsule with porthole at bottom is container for 


Research workers at Pulkov Observatory near Leningrad follow flight of second 
Soviet satellite. 


the last stage of the rocket was established in its 
orbit, the protective cone was discarded. 

The radio transmitters in the container operated 
on frequencies of 40.002 and 20.005 me. The elee- 
tric batteries, the heat regulation arrangement, and 
sensitive elements for recording temperature fluc- 
tuations and other parameters, were also placed in 
this container. In structure, the spherical container 
resembles the first sputnik. (CONTINUED ON PAGE 62) 
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An engineer records radio signals from Sputnik II at a 
Soviet Ministry of Communications tracking station. 
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First satellite results are in 


Preliminary scientific reports on Soviet satellites in- 


dicate sputniks are bigger than originally estimated 


AKEN BY surprise by the unheralded launching of the first Soviet 

satellite, scientists at the Smithsonian Astrophysical Observatory 
and at the U. S. Naval Laboratory lost no time in setting up their 
vast visual and audio tracking programs. The first observations 
were made almost before the first broadcasts of the event ebbed off 
the air. Other observations and tracking reports from around the 
world followed in rapid succession. 

Scientists at the Observatory and NRL went through the reports 
as they came in, analyzing each one and separating the wheat from 
the chaff as they went along. The data quickly piled up. It was 
organized, interpretated and turned into preliminary scientific re- 
ports. The first of these reports has now been released. 

Termed tentative and even speculative by the authors themselves, 
the reports are nevertheless interesting and significant. They are 
also somewhat surprising. 

Using what little information was made available (most of it in 
the form of unconfirmed reports from Russia), Western scientists 
originally estimated the size and weight of Sputnik I (Alpha 2) as 
23 in. in diam and 184 Ib (Astronautics, December, 1957, p. 31). 
The third stage rocket that carried it into orbit, Alpha 1, was figured 
to be about 19 ft long and 2'/» ft in diam (Astronautics, December, 
1957, p. 33). Sputnik IL (Beta), according to their calculations, 
was 50 ft long and weighed approximately 1120 Ib. 

But now, assuming that the diameter of Alpha 2 is 58 cm, scien- 
tists at NRL and the Observatory believe the cross-sectional area of 
Alpha 1 is closer to 26 m?. They arrived at this figure on the basis of 
visual and photographic observations of Alpha 1 and Alpha 2. From 
these observations and estimates of altitude, they derived ratios of 
relative luminuous intensities. 

For exact computations, of course, it is essential to know mass-area 
ratio, the exact shape of the rocket, and its orientation, including rates 
of tumbling and spin. As of the date of the report, they carefully 
point out, none of these qualities is known. (CONTINUED ON PAGE 79) 


Air Density of the Upper Atmosphere 
Satellite Altitude Absolute Density 


Alpha 1 220 km 
Alpha 2 220 km 
Beta 233 km 


5.7 X gm/cmé 
4.5 X 1078 gm/cm? 
2.2 10-8 gm/cm* 
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ON TIME: Caught by a Smith- 
sonian satellite tracking camera, 
Alpha 1 is shown as it passed over 
Pasadena, Calif., on October 23, 
1957 at 17:48:1935 PST. 
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Largest weapon shown in Nov. 7 parade in Moscow’s Red Square marking 40th anniversary of Russian revolution 
was this sharp-nosed missile, believed to be T-2 IRBM. Stabilizing fins can be seen at far left. 


Soviet missiles on parade 


Two-stage, solid propellant, sur- 
face-to-air missiles, similar in ap- 
pearance to Nike family, use large 
fixed fins as_ stabilizers, smaller 
movable fins for control purposes. 


These short-range solid propellant 
rockets, also part of Red missile 
arsenal, were carried on two dif- 
ferent types of mobile launchers. 
Caterpillar type is shown here. 


Truck-mounted Katushin solid pro- 
pellant barrage rocket batteries 
pass in front of the reviewing stand 
during the parade. 
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missile market 


BY ROBERT H. KENMORE 


T HE RECENT launching of the Soviet 
satellites occasioned one of the 
sharpest month-to-month rises in the 
missile index, which jumped 54 points 
to regain more than half of its decline 
since the July 1 peak of 621. 

Most prominent individual gains 
were seen in Douglas (up 16), Gen- 
eral Dynamics (up 8°/,), Martin (up 
5), North American Aviation (up 
71/,) and Thiokol (up 6'/,). The 
Dow Jones industrials also managed 
to show a slight rise, but this was due 
mostly to the Federal Reserve's cut in 
the discount rate in late November. 

Even as Sputnik I and II started a 
new chapter in mankind’s history, they 
were also setting off a new pattern of 
stock market activity. For want of an 
official Street denomination, it might 
be said that the market has gotten a 
bad case of “Washingtonitis.” 

While it is true that stocks have al- 
ways heeded the capital’s pronounce- 
ments, and this is especially true of 
rocket and guided missile industrials, 
the market has never in recent history 
focused so closely, or so nervously, on 
every echo from Washington. Today 
it might be said that Washington, 
instead of industry, holds the key to 
stock market trends. 

To be specific: 1. In the past, a 
contract award would affect the stock 
movement of the company getting the 
business; today, if Defense Secretary 
Neil McElroy sneezes the market goes 
down five points. 2. Changes in the 
discount rate by the Federal Reserve 
Board have also affected markets in 
the past; the latest change, however, 
after having been discounted falsely 
half a dozen times, sent the market up, 
then down, then up again. Today 
pundits are undecided whether the 
move was bullish in that it indicates 
a reversal of FRB’s crippling tight 
money policy, or whether it is a bear- 
ish indication that business must be 
getting very bad indeed if the rate is 
cut a full '/5 per cent in one single 
action. 3. On Nov. 26, half an hour 
before the market closed, the Presi- 
dent’s illness was labeled. After a 
furious selling spree, Douglas closed 
in New York at 67, off more than six 
points, and dropped another point on 
Pacific Coast markets. Wednesday 
morning, after everyone (including 
Mr. Eisenhower) had had a good 
night’s sleep, Douglas opened at 73!/,. 
In other words, while the market was 
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Financial news of the rocket and guided missile industry 


THE MARKET AT A GLANCE 


700 
23 Leading Missile Companies* 
650 
600 
NT \ 


400 
JAN. APR. JUL. OCT. JAN. APR. JUL. oct. JAN. 
1956 1957 
*Index compiled June, 1955 
December November G December % 
1957 1957 Change 1956 | Change 
Dow-Jones Industrials 450 435 | +3.5 || 467 | —3.6 
23 Missile Companies 578 524 | +9.4 || 477 +21.2 


closed people changed their minds 
about the valuation of the Douglas 
Aircraft Co. to the tune of $26,000,- 
000. 


Predictions Are Difficult 


In such a climate, it is obviously im- 
possible to make even reasonably 
hedged predictions about where the 
market is going over the short or inter- 
mediate terms ahead. Business activ- 
ity, gross national product, carload- 
ings, employment, etc., can all be 
charted ahead with some measure of 
success. Sneezes, coughs, diplomatic 
gestures and Congressional commit- 
tees, however, are unpredictable; and, 
as long as the stock market looks ex- 
clusively to them for guidance, it too 
will remain unpredictable. 

Although in saner times it would 
probably appear extremely paradoxi- 
cal for such a situation to exist, rocket 
and guided missile stocks are cur- 
rently among the most defensive is- 
sues on the board, a title usually re- 
served for utility and food equities. 
With 1958 general business activity 
under a cloud of uncertainty and con- 


sumers wary of extravagant purchases, 
the Government (with nobody looking 
at budgets anymore where our na- 
tion’s security is concerned) will prob- 
ably be the most dependable customer 
around next year. 

Selectivity, however, remains the 
watchword as consolidation of mis- 
sile projects into fewer but more pro- 
ductive channels will be stressed even 
more than increased expenditures. 
Many observers of the current panic 
feel that the answer is not more 
money, but putting the same amounts 
into more efficient use. Other factors 
to keep in mind when making selec- 
tions are the extreme vulnerability of 
many smaller concerns even to short- 
term financial difficulties and the fact 
that many R&D contracts, even of 
formidable size, are not always as 
profitable as they first seemed by the 
time you get down to a net income 
figure. 


Market Letter Gleanings 


“Any strength in the market will 
probably be concentrated in the 
groups and issues with the best near- 

(CONTINUED ON PAGE 65) 
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The Importance of 
DIGITAL TECHNIQUES 


Digital techniques constitute one of the important devel- 
opments which have made possible the recent advances in 
computers and related equipment for computation, data 
processing, and industrial and military electronic control. 

Digital computers for scientific computation range from 
small specialized units costing a few thousand dollars, to 
large general-purpose computers costing over a million 
dollars. One of these large computers is a part of the Ramo- 
Wooldridge Computing Center, and a second such unit is 
being installed early this year. 

Electronic data processing for business and industry is 
rapidly growing based on earlier developments in electronic 
computers. Data processors have much in common with 
computers, including the utilization of digital techniques. A 
closely related field is that of industrial process control. To 
meet the needs in this field, Ramo-Wooldridge has recently 
put on the market the RW-300 Digital Control Computer. 

The use of digital techniques in military control systems 
is an accomplished fact. Modern interceptor aircraft, for 
example, use digital fire control systems. A number of Ramo- 


Input-output unit 


i Clock generator and 


power supply unit 


Wooldridge scientists and engineers have pioneered in this 
field, and the photograph above shows the RW-30 Airborne 
Digital Computer. 

The RW-30 is an example of what can be accomplished 
through the application of digital techniques in conjunction 
with modern semiconductor components. It performs com- 
plete mathematical operations, including multiplications, at 
the rate of 4000 per second (as fast as large scientific com- 
puters). Yet it occupies only 4.19 cubic feet, weighs 203 
pounds and uses 400 watts power. It is packaged in four 
separate units to facilitate installation in aircraft. The mag- 
netic drum memory has a capacity of 2607 21-bit words. 

The versatility inherent in digital techniques makes it pos- 
sible for the RW-30 to handle such varied military aircraft 
problems as navigation, armament control and bombing, and 
combinations of these problems, without changes in the 
RW-20 itself. 

The RW-30 also serves to illustrate the balanced integra- 
tion of systems analysis and product engineering which is a 
principal objective at Ramo-Wooldridge. Similar programs 
are in progress on other airborne and electronic control sys- 
tems, communication and navigation systems, and electronic 
instrumentation and test equipment. Engineers and scientists 
are invited to explore openings in these fields at Ramo- 
Wooldridge. 


The Ramo-Wooldridge Corporation 


S730 ARBOR VITAE STREET 


LOS ANGELES 45, CALIFORNIA 
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ARS news 


Spotlight on ARS 


(CONTINUED FROM PAGE 33 ) 


tion in Washington. 

® The annual Honors Night Dinner, 
which drew a crowd of more than 750 
members and guests who turned out 
to pay tribute to fellow rocketeers who 
have made significant contributions to 
the state of the art. 

@ The Student Conference, which 
was so successful that plans were im- 
mediately made to hold a similar con- 
ference on the West Coast during the 
semi-annual ARS meeting in Los An- 
geles June 9-11. The 200 student 
delegates who attended heard an out- 
standing selection of technical papers 
at a morning meeting, attended a 
luncheon sponsored by Chrysler Corp. 
at which Dr. Kaplan was the guest 
speaker, and were treated to a fasci- 
nating discussion of IGY by Dr. Kap- 
lan and Herbert Friedman of NRL 
at an afternoon session. 

@The classified session on liquid 
rocket propellants and combustion, 
which was filled to overflowing with 
ARS members eager to learn of the 
latest developments in these fields. 

® The Section Delegates Conference 
and luncheon, at which Section officers 
had a chance to compare notes, air 
grievances and make suggestions de- 
signed to provide closer ties between 
the national office and individual Sec- 
tions. 

® Announcement of the opening of 
an Astronautics Information Center 
for the press in the New York head- 
quarters of the Society. Dean Rob- 
erts, ARS Director of Public Relations, 
will head the Center. 

At the Board meeting, action was 
taken to raise the dues for corporate 
membership in the Society and to 
change the method of distribution of 
ARS publications to Student Members, 
who will henceforth be offered either 
ASTRONAUTICS or Jer PROPULSION, 
with the other magazine available at 
a special subscription price of $5 per 
year. 

The Board also approved ARS co- 
sponsorship of the Heat Transfer and 
Fluid Mechanics Institute meeting in 
San Francisco, June 19-21, and made 
Fred Durant of Aveo Mfg. Co. Chair- 
man of a special committee to raise 
funds for a Robert H. Goddard Me- 
morial at Worcester Polytechnic In- 
stitute, Worcester, Mass., near the site 
where he successfully fired the first 
liquid rocket in 1926. 

Action was also taken to initiate an 
ARS advisory committee on amateur 
rocketry which would work through 
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Head table at Student Conference Luncheon sponsored by Chrysler Corp. Top, 


left to right, ARS-Chrysler Student Award winner John R. Roth; Charles W. 
Williams, Chrysler Missile Operations; Robert C. Traux; Joseph Kaplan; and 


George Sutton. 


Above, James J. Harford; T. Paul Torda of the Polytechnic 


Institute of Brooklyn, faculty advisor to the Host Student Chapter and Chair- 
man of the Review Committee on Student Papers; Ernst Weber, Poly President; 
and Mario Cardullo, Chairman of the Student Technical Session. 


Dr. Kaplan by the school. 


local ARS Sections to assist youngsters 
in building and firing rockets under 
careful supervision. The Board has 
already authorized submission of let- 
ters to the Department of Defense, the 
National Science Foundation and the 
President’s Committee on Scientists 
and Engineers endorsing a tentative 
plan submitted by Lt. Col. C. M. 
Parkin, ERDL, Fort Belvoir, Va., a 
member of the National Capital Sec- 
tion. 


Joseph Kaplan (left), Chairman, USNC-IGY, 
and Brooklyn Poly President Ernst Weber, 
with the special commendation presented to 


C. W. Williams of Chrysler 
makes a few introductory 
remarks. 


Reports from the Membership Com- 
mittee at the Board meeting clearly 
indicated the tremendous growth of 
the Society in the past year. Member- 
ship during 1957 rose by several 
thousands, and at the end of the year 
was piling up at the rate of more than 
400 new members a month. 

In his Treasurer’s report, Lawrence 
noted that the Society had appropri- 
ated its available working funds to 
finance its continuing expansion pro- 


° 
<a At ARS Student Conference Luncheon 


New Departure Instrument Bear- 
ings are available in a wide range 
of types and sizes, including the 
extremely small miniature bear- 
ings of ¥%” diameter and smaller. 


Super- 
Cleanliness 
for Super- 
Precision 


Torque testing instrument bearings in a 
“super-clean” area behind sterile shield. 


New Departure ball bearings for highly sensitive instru- 
ments are so small . . . so super-precise . . . the tiniest 
speck of dust can adversely affect their performance. 
That’s why extreme cleanliness governs throughout the 
assembly and final inspection of every single New 
Departure instrument bearing. 


Such work is carried out in individual cabinets for each 
operation. Filtered, electronically cleaned air fed to 
each cabinet, flows outward to prevent the entrance of 
air-borne contaminants. In addition, the rooms in 
which the operations are performed are supplied with 
cleaned air that is pressurized to prevent inward 
flow at any entrance point. 


Catalog sent upon request 


b ZZ 
of dcy 


One “‘super-clean” area where vari- 
ous inspection and assembly oper- 
ations are performed under conditions 


FORWARD FROM FIFTY 


ar bordering on surgical cleanliness. 
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gram, marked in 1957 by tremendous 
membership growth, a second publi- 
cation, expansion of the national office 
staff and purchase of new equipment, 
and expansion of member services. 

Comdr. Truax, in his keynote ad- 
dress at the Honors Night Dinner, took 
over the role of elder statesman (at 
the ripe old age of 39!) to offer a few 
words of advice to the Society. If 
ARS is to keep its position of primacy 
in rocket development, he warned, “It 
must mold opinion, not follow it.” 

After recalling an address delivered 
at a similar dinner six vears earlier in 
which he had called upon ARS to take 
the initiative in convincing the nation 
and the government of the need for 
a satellite program, he called upon the 
Society to supply the leadership, long- 
range planning and foresight neces- 
sary to keep us abreast of the Rus- 
sians in rocket development. 

“The ARS is amply endowed with 
know-how,” he noted. “We are now 
organized to tap this knowledge for 
any problem. We must now learn to 


combine the knowledge with insight 
to produce foresight. If we succeed 
in doing this, the government and the 
public will naturally look to us for 
planning guidance.” 

“Historically, men have invariably 
underestimated the consequences of 
new inventions and discoveries. This 
applies to inventions in transportation 
in particular. We laughed at the au- 
tomobile and ignored the airplane. 
The rocket has even greater potential. 
Not only does it promise the ability to 
go places faster. It also promises the 
ability to go places we could not reach 
by other means. 

“In this respect, it more closely 
parallels the ship. It promises dis- 
covery as well as convenience, whole 
new horizons as well as military ad- 
vantages. Let us, as its prime advo- 
cates, not sell it short. 

“As I leave my position of respon- 
sibility in this organization,” he con- 
cluded, “I trust and pray that the 
Society will energetically foster, both 
technically and politically, full exploi- 


on the calendar 


"Molecular Physics in Chemical Engineering,’ Case Institute of 
Technology, Cleveland, Ohio. Sponsored by IEC Div. of American 


Gas Dynamics Colloquium, Technological Institute, Northwestern U., 


April 27—May | 


Yankee Instrument Fair and Symposium, sponsored by Instrument So- 
Midwest Welding Conference, Illinois Tech Chemistry Bldg., 3255 


Thirtenth Annual Technical and Management Conference, Reinforced 
Plastics Div., The Society of the Plastics Industry, Inc., Edgewater 


Spring Meeting of National Society of Professional Engineers, 
Air Force Assn.'s Third Annual Jet Age Conference and Guided 


International Gas Turbine Power Division Conference and Exhibit, 


American Rocket Society—ASME Aviation Div. Conference, 
Fourth Nuclear Engineering and Science Conference, Chicago Inter- 


Conference on Extremely High Temperatures, AF Cambridge Re- 


1958 
Jan. 2-3 
Chemical Society. 
Jan. 9, 16, 
23, 30 Evanston, Ill. 
Jan. 14-15 
ciety of America, Hotel Bradford, Boston, Mass. 
Jan. 29-30 
S. Dearborn St., Chicago, Ill. 
Feb. 4-6 
Beach Hotel, Chicago. 
Feb. 13-15 
Michigan State U., East Lansing, Mich. 
Feb. 26-27 
Missile Symposium, Washington, D.C. 
March 3-6 
ASME, Washington, D.C. 
March 16-21 1958 Nuclear Congress, Chicago, Ill. 
March 17-20 
Statler-Hilton Hotel, Dallas, Tex. 
March 17-21 
National Amphitheatre, III. 
March 18-19 
search Center, Bedford, Mass. 
March 18-19 


Inter-Service and Industry Symposium on Guided Missile Training 
Equipment, Naval Ordnance Lab., White Oak, Silver Spring, Md. 


60th Annual Meeting of American Ceramic Society, Penn-Sheraton 
Hotel, Pittsburgh, Pa. 


Fourth National Instrumentation Flight Test Symposium of ISA, Park 
National Telemetering Conference under auspices of ARS, 
IAS, AIEE, ISA, Lord Baltimore Hotel, Baltimore, Md. 


ARS Semi-Annual Meeting, Hotel Statler, Los Angeles, Calif. 
Heat Transfer and Fluid Mechanics Institute Meeting, Uni- 


Ninth Annual Congress of International Astronautical Federation, 


Basic Science Div., American Ceramic Society, Wright-Patterson 


May 4-7 

Sheraton Hotel, NYC. 
June 2-4 
June 9-11 
June 19-21 

versity of California, Berkeley. 
Aug. 24-30 

Amsterdam, The Netherlands. 
Sept. 15-18 ARS Meeting, Hotel Statler, Detroit, Mich. 
Sept. 29-30 

AFB, Dayton, Ohio. 
Dec. 1-5 


ARS 13th Annual Meeting, New York, N. Y. 
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tation of the vast inherent potential of 
rocket vehicles, and that it will be 
courageous and farsighted in the poli- 
cies which it advocates.” 

In his address at the Student Lunch- 
eon on the final day of the meeting, 
Dr. Kaplan, Chairman, USNC-IGY, 
who had been greeted upon his ar- 
rival by news of the Vanguard blowup, 
cautioned against hysteria over the 
mishap. He reminded his audience 
that the failure had come after three 
successful tests, and that this was not 
the first time that scientific experi- 
ments of this kind had ended in fail- 
ure, nor the last. 

He announced that a plan has al- 
ready been placed before the Interna- 
tional Council of Scientific Unions 
which calls for continuation of upper 
atmosphere research utilizing rockets 
and satellites after the end of IGY, 
and expressed the hope that such a 
continuing program would be estab- 
lished. 

The internationally known physicist 
added that it was a great source of 
satisfaction to him that the U. S. is 
the only nation which now publishes 
full results of scientific rocket research, 
and commented that time and time 
again at meetings throughout the 
world scientists of other nations have 
praised the U. S. for making available 
such data. 

Holaday, Director of Guided Mis- 
siles, Department of Defense, speaking 
at the Honors Night Dinner, briefly 
reviewed the status of the nation’s 
satellite and guided missile programs, 
and praised the Society for the role 
it was playing in these programs. 


Missiles Get Priority 


He noted that, while we have ICBM 
hardware capable of launching large 
satellites, development of missiles must 
take priority over space flight at this 
time. This priority is necessary, he 
said, because right now “satellites are 
not as militarily useful as a working, 
dependable ballistic missile system.” 
However, he added, work on space 
flight is going forward and we will 
have “an effective and continuing pro- 
gram.” 

Holaday outlined both short- and 
long-range programs for the job which 
confronts us. From the short-range 
standpoint, he commented, we must 
increase basic and applied research; 
be realistic in the selection of devel- 
opment programs; know when to stop 
such programs and, after completing 
them, turn immediately to production 
of military hardware; and _ utilize to 
the fullest extent our scientific and 
engineering personnel. For the long- 
range job, he added, we must have 
better teachers and pay more atten- 
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tion to providing better science in- 
struction. 

The attitude of those attending the 
meeting was perhaps best summed up 
by President-Elect Sutton at the Din- 
ner, who noted that “1957 was a good 
year, and 1958 should be an even 
better year for all of us in the Society.” 


Out-of-Print Copies 
Of JP Now Available 


Under an agreement with the 
AmericAN Rocket Society, Kraus 
Reprint Corp., 16 E. 46th St., New 
York 17, N. Y., has made available 
complete back files of JET PROPUL- 
SION, dating back to the first year of 
publication. 

Vols. 1-22 (1930-1952) are offered 
at $148.50, bound. In addition, Vols. 
1-2, 3-7, 8-10 and 11-13 are avail- 
able at $14 each, unbound; Vol. 14 
and 15 at $9 per volume, unbound; 
Vol. 16, 17, 18, 19, 20 and 21 at $14 
per volume, unbound; and Vol. 22 at 
$12, unbound. Single units or vol- 
umes can be supplied bound at $1.50 
additionally per unit or volume. Vols. 
23-26 are scheduled for reprint early 
this vear. 

Kraus is also offering back copies of 
the Journal of the British Interplane- 
tary Society. Vols. 1-14 (1934-1955) 
are offered at $180, bound; Vols. 1-5 
in one volume (sold as a unit only) at 
$20, unbound; and Vols. 6-14 at $20 
per volume unbound. 


Chrysler Sponsors 
ARS Memberships 


Chrysler Corp. has set up a program 
to sponsor 15 memberships in the 
AMERICAN ROCKET SOCIETY each year. 
The memberships will go to technical 
personnel showing outstanding ability 
and performance, and will be paid by 
Chrysler for the first year, after which 
it is presumed that memberships will 
be continued by the individuals  se- 
lected. 


CAI Journal Available to 
ARS Members at $2 a Year 


The American Rocket Sociery 
and the Canadian Aeronautical Insti- 
tute have reached an agreement 
whereby publications of one society 
are made available to members of the 
other group at member rates. Under 
terms of the agreement, the Canadian 
Aeronautical Journal, published 
monthly except in July and August by 
the Institute, is now available to ARS 
members at $2 a year. 


Maryland Section Honors Contest Winners 


John Patrick Bevans, first prize winner in Maryland Section Essay Contest for 
the Baltimore Schools, looks on as Joel M. Jacobson, Aircraft Armaments, Inc., 
congratulates second prize winner Sally Tilford. 


meeting honoring essay contest winners. 


Walter Crotty, vice-president, Maryland Section, says a few words at dinner 


Others at head table (left to right): 


George Lescher, director; Samuel Fradin, president; Mrs. Crotty; J. H. Fischer; 


and Mr. and Mrs. Joel M. Jacobson. 


Seven More Firms Become 
ARS Corporate Members 


Seven more companies active in the 
rocket and jet propulsion fields have 
become corporate members of the 
American Rocker Society. New 
members, their areas of activity and 
those named to represent them in the 
Society are as follows: 

Shell Chemical Corp., New York, 
N. Y., active in the fields of existing 
and potential rocket fuels, including 
both mono- and bipropellants and oxi- 
dizers, as exemplified by the manufac- 
ture of ammonia, high-strength hydro- 
gen peroxide, certain acetylene deriva- 
tives and epoxy resins. 

Representing the company in the 
ARS are: B. K. Read, special repre- 
sentative; C. A. Houston, E. R. Ken- 


nedy and N. L. Gianakos, senior tech- 
nologists; and R. H. Hemmerich, sec- 
tion leader. 

Vickers, Inc., Aero Hydraulics Div., 
Detroit, Mich., active in the fields of 
auxiliary power systems; hydraulic 
and hot gas servo systems; hydraulic 
pumps, motors and valves; and alter- 
nator drives. 

Named to represent the company in 
ARS activities are: B. W. Badenoch, 
general manager, Aero Hydraulics 
Div.; F. L. Moncher, director of engi- 
neering; E. I. Brown, chief engineer; 


A. L. Stone, Western regional sales 
manager; and J. T. Burns, general 
sales and service manager. 


Hughes Tool Co., Aircraft Div., 
Culver City, Calif., active in the fields 
of monopropellant rocket engines for 
primary thrust applications; liquid 
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and solid fuel secondary power sys- 
tems; high-pressure, ‘high-tempera- 
ture pneumatic valves, regulators and 
pumps; and synthesis and evaluation 
of liquid rocket propellants. 

Representing the company in the 
ARS are: C. B. Jones, director of 
engineering; William E. Wayman, 
chief powerplant engineer; Louis R. 
Rapp, head, fuels and propellants sec- 
tion; E. S. Iverson, research and de- 
velopment technical representative, 
Powerplant Dept.; and Herbert 
Shieber, head, rocket, motors and gas 
generators section. 

Tele-Dynamics, Inc., Philadelphia, 
Pa., designer and maufacturer of tele- 
metering, microwave communications, 
guidance equipment, instrumentation 
systems and other electronic gear for 
the missile field. 

ARS representatives will be: E. E. 
Lewis, president; J. B. Elliott, execu- 
tive vice-president and general man- 
ager; L. P. Clark, executive vice- 
president; H. R. Shaw, vice-president, 
telemetry and engineering; and E. M. 
Hatley, assistant to the president. 

Koebel Diamond Tool Co., Detroit, 
Mich., manufacturer of industrial dia- 
mond tools and products related to the 
aircraft and missile industries and en- 
gaged in production, research and de- 
velopment of diamond wheels, drills 
and other products for machining hard 
fired ceramics. 

Named to represent the firm in the 
ARS are: Charles J. Koebel, presi- 
dent; Robert F. Koebel, vice-presi- 
dent; G. A. Redebaugh, general man- 
ager; H. L. Emery, manager-research; 
and ©, L. McCabe, consultant. 

The Hicks Corp., Boston, Mass., 
manufacturer of guided missile com- 
ponents and metal parts, and environ- 
mental test equipment. 

Representing the company in ARS 
will be: | Thomas Wheeler, president; 
Arthur Jackson, general manager; John 
C. Reimers, vice-president in charge 
of sales; and Andrew Springer and 
Leo P. Sinclair Jr., sales representa- 
tives. 

American Aviation Publications, 
Inc., Washington, D. C., publisher of 
Missiles and Rockets magazine, Missile 
Week newsletter, and 13 other pub- 
lications and services in the aviation 
field. 

Named as ARS representatives are: 
Erik Bergaust, executive editor, Mis- 
siles and Rockets; Robert H. Wood, 
vice-president and editorial director; 
Joseph Murphy, executive — editor, 
American Aviation; and Norman Baker 
and Edward S. Hull, assistant editors, 
Missiles and Rockets. 


SECTION NOTES 


Central California: Over 260 
people attended the organization 
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meeting of the Central California Sec- 
tion at Washington School, Santa Bar- 
bara, Nov. 16. Aerophysics Develop- 
ment Corp., a subsidiary of Curtiss- 
Wright, was represented by a delega- 
tion of 85, while Raytheon, Santa 
Barbara Research, General Electric 
Co. and other local companies were 
also well represented. In addition, a 
delegation from the Southern Cali- 
fornia Section, headed by President 
J. A. Broadston, also attended the 
meeting. 

The meeting was opened by E. O. 
Rolle of Aerophysics, while Ernest 
Steinhoff of the same company intro- 
duced the guest speakers, Andrew G. 
Haley and Welf Heinrich, Prince of 
Hanover. Mr. Haley, former ARS 
President and now president of the 
International Astronautical Federa- 
tion, and the Prince, author of the 
first doctoral dissertation on space law, 
discussed “The Law of the Age of 
Space.” The speakers were presented 
with photographs taken in Santa Bar- 
bara of Sputnik II as a token of thanks 
for their help in getting the section off 
the ground. 

A 30-min motion picture in color 
and sound, entitled “The Road to the 
Stars,” produced by Rocketdyne, 
rounded out the evening’s program. 

Temporary officers of the group are: 
Mr. Rolle, president; Dr. Steinhoff, 
vice-president; D. Bitondo, Aerophys- 
ics, secretary and membership chair- 
man; and Peter J. Schenk, General 
Electric Co., treasurer. 

Election of permanent officers will 
be held after the section receives its 
charter and all membership applica- 
tions have been processed. 


Holloman: Knox Millsaps, chief 
scientist, AF Missile Development 
Center, has been elected president of 
the Holloman Section for the coming 
year, succeeding Gerhard R. Eber. 

Other new officers of the Section 
are: Gerhard W. Braun, technical 
director of ballistic missile test, 
AFMDC, vice-president; Lt. Col. 
Harry L. Gephart, secretary; and 
Bernard D. Gildenberg, treasurer. 

Andrew G. Haley, president of the 
International Astronautical Federation, 
was the guest of honor and principal 
speaker at the Section’s annual ban- 
quet Nov. 19. Another prominent 
guest and speaker was Welf Heinrich, 
Prince of Hanover. Both speakers 
presented interesting discussions of 
space law at the banquet. Many 
other notables also attended the event. 

Speakers at previous meetings of 
the Section were James A. Ward, 
AFMDC mathematician, who dis- 
cussed “Digital Computers and Their 
Language,” illustrating his talk with 
an operating flexowriter, a model of 
the 1103-A computer and a recording 


of a musical selection composed by a 
computer; and optical physicist John 
Strong, who presented a discussion of 
proposed telescopic observations of 
Mars to be made from manned bal- 
loons. 


Maryland: John Patrick Bevans of 
Baltimore Polytechnic High School 
won first prize in the first annual 
Maryland Section ARS Essay Contest 
for the Baltimore Schools, designed to 
stimulate interest in the engineering 
sciences among local high school stu- 
dents. The topic for the contest was 
“A Look into the Future.” Mr, 
Bevans’ prize was $150 in cash. 

Second prize, a de luxe portable 
radio donated by Westinghouse Air 
Arm Div., went to Sally Tilford of 
Eastern High School. 

The awards were presented by Joel 
M. Jacobson, vice-president and gen- 
eral manager of Aircraft Armaments, 
Inc., at a dinner meeting of the Sec- 
tion. 


New York: Robert A. Gross, chief 
research engineer, Fairchild Engine 
Div., and president of the New York 
Section, recently appeared on a TV 
panel show called “Between the Lines” 
to discuss Russian satellite launchings 
and U. S. efforts in the rocket, guided 
missile and space flight fields. 

Northern California: dinner 
meeting of the Section was held at 
the Marines’ Memorial Club in San 
Francisco Nov. 14. Andrew G. Haley 
and Welf Heinrich, Prince of Hanover, 
were the guest speakers, the evening 
making up part of their nationwide 
series of lectures on “The Law of the 
Age of Space.” Members and guests 
of the Section were joined by a num- 
ber of interested members of the legal 
profession. The lectures generated a 
stimulating question-and-answer  pe- 
riod toward the end of the meeting. 

At the previous meeting, John F. 
Tormey, chief of research, Rocket- 
dyne, spoke on “Changing Times in 
Rocket Propulsion Research.” Dr. 
Tormey’s talk was introduced by a 
motion picture, “Road to the Stars,” 
produced by Rocketdyne and soon to 
be released for theater and TV show- 
ings. In his address, Dr. Tormey 
described the changes that he has 
seen occur in the mechanics and atti- 
tudes of rocket propulsion research 
during the past few years. 

Alfred J. Eggers has been appointed 
chairman of the Nominating Com- 
mittee named to provide a slate of 
Section officer candidates for the 
coming year. 

North Texas: H. W. Ritchey, tech- 
nical director of Thiokol Chemical 
Corp., presented a very interesting 
talk on “Solid Propellant Rocketry” 
at a dinner meeting of the section on 
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Nov. 16 attended by more than 100 
members and guests. 

The meeting was also marked by 
the election of officers for 1958. C. F. 
Crabtree was elected president; J. A. 
Kerr, vice-president; C. R. Cripliver, 
secretary; and J. B. Haden, treasurer. 
All are with Convair. 


San Diego: On Nov. 7, the San 
Diego Section held a joint dinner 
meeting with the IAS in the IAS 
Building. About 150 persons heard 
Comdr. Robert C. Truax, ARS Na- 
tional President, give an  autobio- 
graphical account of “Some Early 
Rocket Developments in the Navy.” 
Starting with his first handmade liquid 
rocket, built at the U. S. Naval 
Academy in 1937, Comdr. Truax gave 
a humorous account of the difficulties 
and frustrations which plagued his 
progress. His first official naval 
project, a JATO for sluggish PBY’s, 
brought back memories to many 
veteran Consolidated engineers. With 
slides and graphs, Comdr. Truax 
traced the fate of dozens of attempts 
through World War II to perfect small 
liquid rockets. He terminated his 
history at the time when liquid 
rockets had gained a definite foothold 
in Naval thinking, with the establish- 
ment of NARTS at Lake Denmark, 
N. J., and Pt. Mugu, Calif. 

At an earlier dinner meeting of the 
section, attended by about 150 people, 
J. R. Dempsey spoke on “Develop- 
ment and Future Plans of Convair 
Astronautics,” of which he is general 
manager. Mr. Dempsey covered the 
past decade of Convair missile activi- 
ties, outlined present company policy 
and speculated on the next several 
decades of activity. The entire cost 
of the MX774 project, on which Con- 
vair successfully pioneered gimballed 
engines and integral tanks, would pay 
for only about 10 days of current Atlas 
work, he noted. Since the beginning 
in June, 1954, of the present project, 
personnel have increased from about 
250 to 8000. 

Mr. Dempsey discussed the reasons 
that led to a separate Astronautics 
Div. and the building of the new 
plant. He felt the company must 
create a market for its products. 
Commercial applications for space 
craft, such as TV relay stations, appear 
several decades away. 


COMMITTEES 


Human Factors: The recent Inter- 
national Astronautical Federation Con- 
gress in Barcelona was productive of a 
number of papers dealing with the 
human factors side of space flight. 
Papers were presented by H. J. A. von 
Beckh of The Martin Co.; Maj. D. G. 
Simons, holder of the world’s altitude 


record for balloon flights; S. J. Gerathe- 
wohl of the School of Aviation Medi- 
cine, USAF; and Otto Winzen of Win- 
zen Research, Inc., whose firm manu- 
factured the capsule and balloon used 
in Maj. Simons’ record-breaking flight. 

Dr. von Beckh’s paper, titled “Multi- 
directional G Protection in Space Ve- 
hicles,” dealt with the use of a swivel- 
ing device for the occupants of a space 
vehicle re-entering the earth’s atmos- 
phere. This device would permit a 
space flier to be in a supine position 
during re-entry and permits endurance 
of the g forces encountered during 
such a maneuver. 

Maj. Simons’ paper, entitled “Ob- 
servations from the Manhigh II Bal- 
loon Capsule at 100,000 ft,” discussed 
the flight through the eyes of the 
pilot inside the capsule. He also in- 
cluded the requirements of the sealed 
cabin environment and how they were 
met, the effects of isolation, both phys- 
ically and psychologically, how the 
flight was used to compare the effects 
of heavy primary cosmic rays on a 
human with the effects previously ob- 
served in animal experiments, and 
the opportunities presented to learn 
what manner of workload and what 
problems arose when an_ individual 
attempted to conduct experiments and 
perform exacting tasks under condi- 
tions quite similar to what might be 
expected in satellite flight. 

Dr. Gerathewohl’s paper, _ titled 
“Producing the Weightless State in 
Jet Aircraft,” outlined the parameters 
of producing weightlessness for 20-30 
sec for use in medical research. 

Mr. Winzen’s paper, “Operation 
Manhigh,” was a companion paper to 
that of Maj. Simons and discussed the 
preparation of the flight and flight 
operations as seen from outside the 
capsule. A recent development akin 
to Maj. Simons’ flight was the third 
manned balloon ascent to stratosphere 
altitudes conducted by the U. S. Navy 
during the later part of October. The 
two observers on this flight primarily 
collected geophysical data. 

The recent Sputnik II satellite, 
“Muttnik,” is a major step forward in 
space flight and would be of consid- 
erable value from a human factors 
standpoint if the biological data col- 
lected were released. An interesting 
point concerning Sputnik II is that it 
has been seen to tumble end-over-end 
rather rapidly as it orbits around the 
earth. This would preclude exposure 
of the dog to weightlessness and per- 
haps indicate the experiment was one 
of exposure to cosmic and solar x- 
radiation. Confirmation of satisfac- 
tory environment control in the cap- 
sule would be of major import. 


It is pertinent to note that the next 
Human Factors session of an ARS 


meeting will be at the semi-annual 
meeting in June, 1958, at Los Angeles. 
Irwin Cooper of Rand Corp. is pro- 
gram subcommittee chairman for that 
meeting and would welcome any cor- 
respondence from any members in- 
terested in contributing papers to the 
meeting. The theme will be bio- 
satellites. Papers on other subjects 
will be considered if they are of un- 
usual merit. 


Space Flight: Frederick C. Durant 
III, secretary of the Space Flight Com- 
mittee, reports that more than 600 
members of the division have replied 
to questionnaires sent out to them re- 
cently. The questionnaires asked di- 
vision members to specify interest and 
qualifications in such areas as guidance 
and control, instrumentation, human 
factors, tracking, high-altitude re- 
search vehicles, manned satellites and 
testing. The returns are now being 
card-indexed for action, and members 
will be notified as soon as this is com- 
pleted. 

The Training and Education Sub- 
committee of the division recently sent 
a questionnaire on educational oppor- 
tunities in the field of astronautics to 
189 colleges and universities. At 
press time, 76 replies had been re- 
ceived. Of this number, 31 listed 
courses in a number of different fields 
of study related to space flight, while 
45 indicated that no such courses are 
now being given or planned in the 
near future. 


CORPORATE MEMBERS 


Callery Chemical Co., which has 
headquarters in Pittsburgh, is building 
and will operate for the Navy a $38 
million HiCal Plant at Muskogee, 
Okla., as well as its own commercial 
plant at Lawrence, Kan. 


A scientific computation and mathe- 
matical analysis service for business 
and industrial organizations is now 
being offered by Ramo-Wooldridge 
Corp. A new R-W Computation Con- 
sulting and Service Bureau will be op- 
erated as a part of the company’s 
Digital Computing Center, offering 
consultation in computer applications 
and digital computing services, includ- 
ing numerical analysis, programming 
and equipment rental. 


Formation of a Commercial Con- 
tracts Div. was announced by Republic 
Aviation Corp., Farmingdale, L. I. 
Republic, which has produced solely 
for U. S. military branches for the past 
10 years, instituted the new division 
to provide engineering, development 
and manufacturing services to industry 
generally and as a supplier to other 
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aviation companies and allied indus- 
tries. 


Ryan Aeronautical Co. will take the 
initial step in a major expansion of its 
electronics section by moving present 
avionics activities from the company’s 
aircraft plant in San Diego to a 30,000- 
sq ft Kearny Mesa building leased 
from Magnatron Corp. of America, 
Inc. It will provide almost double 
present space utilized by the Ryan 
electronics section at the Lindbergh 
Field Location. 

2 


Plant expansions totaling $1,000,000 
are either under way or nearing com- 
pletion at Grand Central Rocket Co. 
Among the new facilities are two static 
test bays each capable of handling 
solid propellant rockets of 1,000,000 
Ib thrust; a tooling and rocket assem- 
bly building; an administration build- 
ing wing; a propellant mixing build- 
ing; and nine additional curing ovens. 

The largest facility in the eastern 
U. S. for development and production 
of fuel controls for turbine, atomic and 
rocket engines was dedicated at Wind- 
sor Locks, Conn., recently. Built by 
United Aircraft Corp. for its Hamil- 
ton Standard Div., the building pro- 
vides 410,000 sq ft of new engineer- 
ing, manufacturing and testing space. 

The division currently is producing 
air conditioning systems, turbine start- 
ers, hydraulic pumps and pneumatic 
valves, as well as fuel controls, and is 
developing still newer products for the 
turbine and missile fields. More than 
50 turbine-powered aircraft and mis- 
siles are using one or more of the divi- 
sion’s new nonpropeller products. 


Staff, facilities, and assets of Cum- 
berland Optical Co., Silver Spring, 
Md., have been acquired by Atlantic 
Research Corp., and will operate as a 
new division of the Alexandria engi- 
neering firm. Production facilities will 
continue to be located at Silver Spring. 


Electromet Columbium Stock 


Columbium metal melting stock of 
the highest purity ever made commer- 
cially available has been announced 
by Electro Metallurgical Co., a Divi- 
sion of Union Carbide Corp. The 
metal is produced in the form of 
roundels, and the bar-shaped colum- 
bium electrode, used for consumable 
electrode arc melting into ingots, is 
prepared by cold compacting the 
readily compressible roundels. The 
process is said to result in a melting 
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stock of higher purity than that 
specified for reactor grade columbium. 
An extensive future as a base for 
a new series of high-temperature al- 
loys is predicted for the metal because 
of its medium density and high 
strength at elevated temperatures. 
Columbium is presently being used 
for nuclear applications because its 
low nuclear cross section enables it to 
withstand radiation damage. 


Initial Production Available 
From First U.S. Titanium Mill 


Titanium Metals Corp. of America 
has announced initial production from 
its new Toronto, Ohio, plant, the 
world’s first facility devoted exclu- 
sively to rolling and forging titanium. 

Billets and large rounds, earmarked 
for civilian and military jet engine ap- 
plications, are being shipped while 
engineering work continues in instal- 
lation of sheet mills scheduled to be 
in operation early in 1958. 

The Toronto plant will provide 
fully integrated facilities, from sponge 
through forgings, billets and alloy 
sheet production. TMCA is jointly 
owned by National Lead Co. and Alle- 
gheny Ludlum Steel Corp. 


F-107 Jet Fighter-Bomber 
Delivered to NACA for Test 


Designed to fly more than 1300 
mph and climb faster than the speed 
of sound, the North American F-107 
is now being flown by NACA test 
pilots at Edwards AFB. Power is 
supplied by the P&W J-75 engine, 
rated at 15,000-Ib- thrust without 
afterburner, and capable of developing 
up to 22,000-lb thrust for short periods 
when the afterburner is cut in. 

The F-107 has movable tail surfaces 
instead of hinged rudder and elevators. 
Automatic slots in the wing leading 
edge aid in stability and low landing 
speed. 


AIP to Publish New 
Journal on Fluid Physics 


Starting this month, the American 
Institute of Physics will publish a 
new journal, The Physics of Fluids. 
It will be devoted to original contribu- 
tions covering kinetic theory, statistical 
mechanics, and structure and general 
physics of gases, liquids and other 
fluids, as well as those basic aspects 
of fluid physics bordering on geo- 
physics, astrophysics, biophysics and 
other fields of science. 

The bimonthly publication will be 
edited by F. N. Frenkiel, Applied 
Physics Laboratory, Johns Hopkins 
University. 


Rockets Fired from Helicopter 
Undergoing Evaluation Tests 


A weapons system developed for 
the Sikorsky H-34 Choctaw helicopter 
and designed to suppress enemy 
ground fire is undergoing evaluation 
tests at Fort Benning, Ga. Included 
in the armament are forty 2.75 rockets, 
comparable in power to a 75 mm can- 
non; two 5-in. anti-tank or anti- 
submarine rockets; three 50-cal and 
six 30-cal machine guns and two 20 
mm cannons. The rockets, cannon 
and 30-cal machine guns fire forward 
from fixed positions on the side of the 
helicopter; the other weapons. are 
aimed from flexible mounts inside the 
cabin. 


$3 Billion Allocated 
For Scientific R&D 


The National Science Foundation 
has issued a 60-page report providing 
statistical information for the 1956-58 
fiscal years on the obligations and ex- 
penditures of Federal agencies en- 
gaged in research and development. 
The report shows that 23 agencies in 
1957 obligated over $3 billion for 
scientific research and development. 

Copies of the report are available 
from the Superintendent of Docu- 
ments, U. S. Government Printing 
Office, Washington 25, D. C., at a cost 
of 40 cents. 


NSF Calls For More 
Basic Research in Sciences 


Advocating increased support for 
basic research in the sciences from 
private as well as public sources, 
“Basic Research—-A National Re- 
source,” a report released by the Na- 
tional Science Foundation, commends 
for public consideration several far- 
reaching measures affecting the future 
of science. 

In addition to a statistical and de- 
scriptive analysis of the basic U. S. 
research effort, the report suggests 
consideration of a number of possible 
ways to encourage such research. 
These include increased support to 
universities for research which con- 
forms to educational and_ scholarly 
programs and reduction of support for 
programs for which the university is 
not fitted; redefinition of rules under 
which tax exemption privileges are 
accorded nonprofit research institutes; 
changes in federal income tax laws 
to stimulate private donations for basic 
research; and a program of federal 
grants-in-aid to states so as to increase 
state financial participation in support 
of basic research. 


THIOKot is “capable of producing solid, propellant rocket engines | of 


unprecedented size and power—engines that may hold 

country's operational IRBM and ICBM missiles. 

THIOKOL is the only manufacturer of large solid propellant me 

the performance capabilities and flight-proven reliabi ty required by 
large, long range missiles. Almost 100% reliab 
_ in hundreds of flight tests. 
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Sputnik Il 


(CONTINUED FROM PAGE 49 ) 


The signals emitted by the radio 
transmitter working on 20.005 mc 
were of a telegraphic order averaging 
around 0.3 sec in length, with a pause 
of the same length in between. Due 
to changes in temperature, pressure 
and other parameters inside the con- 
tainer, the length of the signal and the 
pause also changed within definite 
limits. 

The transmitter working on 40.002 
me functioned under a continual emis- 
sion regime. The conformity of the 
two transmitters to the indicated fre- 
quencies insured investigation of the 
propagation of radio waves emitted 
from the satellite and measurement of 
its orbital parameters. Moreover, re- 
ception of signals in all ionospheric 
conditions was guaranteed. Choice of 
wave lengths, as well as the ample 
power of the transmitters, enabled the 
broadest community of amateur radio 
operators to track the sputnik, along 
with stations specially assigned to this 
task. 


Equipment in Dog's Cylinder 


The hermetically sealed chamber in 
which Laika was housed was cylindri- 
cal in shape. To provide conditions 
for maintaining normal life, it had a 
stock of food and an air-conditioning 
arrangement, consisting of a regenera- 
tion installation and a heat regulation 
system. Along with this, the chamber 
also contained equipment for record- 
ing the pulse beat, breathing and blood 
pressure of the animal, instruments for 
taking electrocardiograms and_ sensi- 
tive elements for measuring a number 
of parameters characterizing condi- 
tions inside the chamber, such as tem- 
perature and pressure. 

Both the chamber for the test ani- 
mal and the spherical container were 
made of aluminum alloys. They had 
a polished surface, specially treated to 
impart the required coefficients of 
emission and absorption of solar radia- 
tion. The heat-regulating arrange- 
ment inside the container and the ani- 
mal’s chamber maintained a set tem- 
perature, deflecting the heat into the 
hull by compulsory gas circulation. 

Apart from the indicated equipment, 
the body of the last stage of the 
rocket was fitted with telemetering 
equipment, instruments for tempera- 
ture measurement, and electric bat- 
teries to power the various instruments. 
Temperature on the outer surface and 
inside the chamber, and also of the in- 
dividual devices and elements, was 
ascertained by means of temperature 
regulators affixed to them. The tele- 
metering equipment relayed measure- 
ments taken to ground stations. 
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Broadcasting of this data was done 


periodically according to a_ pro- 
grammed arrangement. 

The research program involved tak- 
ing measurements over a period of 
seven days. This program was carried 
out. The satellite’s radio transmitters 
as well as telemetering equipment have 
stopped working. Further tracking of 
Sputnik II to study the characteristic 
features of the top layers of the at- 
mosphere and forecast its flight is be- 
ing carried out optically and by radar. 

To study medical and_ biological 
questions, the special hermetically 
sealed chamber which contained the 
dog also had measuring devices to 
record the animal’s physiological func- 
tions and equipment for air regenera- 
tion, feeding and removal of the ani- 
mal’s excretions. Equipment designs 
took into consideration requirements 
for the most stringent economy in size 
and weight, coupled with minimum 
power consumptica. 

Functioning over a long period of 
time, the apparatus assured telem- 
etered recording of the dog’s pulse 
beat, breathing, arterial blood pressure 
and cardiac biopotentials, as well as 
a record of temperature and pressure 
inside the chamber. 

To regenerate the air inside the 
chamber and maintain its required 
composition, highly active chemical 
compounds were employed, giving off 
the necessary amount of oxygen for 
inhalation, and absorbing carbon di- 


Proboscis Probe 


Special three-stage test configuration 
of Army’s Jupiter IRBM taking off 
from Cape Canaveral in nose cone re- 
entry test. Nose cone model is re- 
ported to have held up successfully 
under areodynamic heating encoun- 
tered upon re-entry. 


oxide and surplus water vapor, 
Chemical reactions were automatically 
controlled. Due to the absence of air 
convection under conditions of zero-g, 
an arrangement for automatic ventila- 
tion was installed in the animal’s cham- 
ber. A set air temperature in the 
chamber was maintained by a heat 
regulating arrangement. To give the 
animal food and water during flight, 
the container had special automatic 
feeding devices. 


Dog Had Preliminary Training 


The dog sent up in the satellite 
went through a period of preliminary 
training. It was gradually accustomed 
to spending protracted periods of time 
in special clothing in small, hermeti- 
cally sealed chambers, with equip- 
ment attached to its body in different 
places to record its physiological func- 
tions. The dog was also trained to 
withstand strain, and resistance to the 
effects of vibration and other factors 
were ascertained under laboratory 
conditions. After long training, the 
animal was able to remain calm in- 
side the chamber over a_ period of 
several weeks, thus enabling the neces- 
sary scientific investigations to be 
carried out. 

The study of biological phenomena 
involved in space travel by living or- 
ganisms was made possible through 
extensive advance experimentation 
with animals under conditions of 
short-term flights aboard _ rockets. 
These experiments have been carried 
out in the U.S.S.R. over a number of 
years. 

The animal’s trip aboard Sputnik II 
makes it possible to study protracted 
effects of zero-g, or weightlessness. 
Until now, zero-g effects could be 
studied aboard aircraft for only a few 
seconds, or in vertical upward rocket 
flight for a matter of a few minutes. A 
satellite makes it possible to study the 
condition of a living organism in a 
zero-g state lasting several days. 

The experimental data derived from 
fulfillment of the program of medical 
and biological research is currently be- 
ing subjected to most detailed and 
thorough study. We can already say 
that the test animal stood up well to 
the protracted effects of acceleration 
when the sputnik was being placed in 
orbit and to the subsequent state of 
zero-g, Which continued for several 
days. The information received shows 
that the animal’s condition was satis- 
factory throughout the entire experi- 
ment. 

Without a doubt, these investiga- 
tions will largely contribute to coming 
successful interplanetary voyages and 
will pave the way for evolving the 
means to guarantee safety to human 
beings in space travel. 
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THE QUICK-FIXING ALUMINUM 
SURFACE CONVERSION COATING 


only PAINT-GRIPPING, CORROSION-RESISTING 


QUICK FIXING—Turcoat 4178 coatings become non- 
smearing immediately upon withdrawal from process- 
ing. Parts can be handled freely while still wet without 
danger of smearing or streaking coating. 


MEETS MIL-C-5541— Used by aluminum fabricators the 
nation over for government and non-government jobs 
involving aviation, building parts, household appli- 
ances, luggage, ornamental aluminum, aluminum foil, 
irrigation pipe, automotive and truck parts and bodies, 
ete. 

EASY TO USE— Applied by spray, dip or hand methods. 


Requires no heating... no electric current. Easily con- 
trolled by mere pH adjustment. 


UNIFORM — No light tell-tale untreated sections around 
welds, corners or holes. 


ECONOMICAL— Used at low concentrations. Extremely 
long-lived. Will accept tremendous contamination 
without loss in efficiency. 


TURCO PRODUCTS, INC. 


Chemical Processing Compounds 
6135 SO. CENTRAL AVE., LOS ANGELES 1, CALIF. 


Factories: Newark, Chicago, Houston, Los Angeles, London, 
Rotterdam, Sydney, Mexico City, Naha (Okinawa) 


Manufactured in Canada by B. W. Deane & Co., Montreal 


Offices in all Principal Cities 


HERE'S UN-RETOUCHED PROOF! Lower portion of — 
~ aluminum coupon was coated with Turcoat 4178. Upp: 
portion was not coated. Entire coupon was then subjected to 800 © 
hour salt spray test. Note that uncoated portion has been Virtually 
destroyed while Turcoated portion shows only superficial blemishes. 


TURCOAT 4178 offers you all these plus values! 


coLtors— Available in gold iridescent or natural alu- 
minum. 


SHOWING—TRAINING MOVIE! 
“ALUMINUM FINISHING” 


New full-color film visually demonstrates every aspect 
of aluminum finishing from laboratory theory to authen- 
tic production-line techniques filmed on-the-spot dur- 
ing mass production. If your plant or technical group is 
interested, write today for full details without cost or 
obligation. 


WRITE FOR TECHNICAL DATA... FREE! 4 pages full of tech- 
nical information on Turcoat 4178, the quick-fixing 
aluminum conversion coating. Write for your free 
copy, without obligation... today! 


' 

MAIL COUPON TODAY! ; 

TURCO PRODUCTS, INC. : 

6135 So. Central Ave., Los Angeles 1, Calif. ' 

0 Please send free technical information on Turcoat 4178 : 

0 Please send details on the training film “Aluminum 1 

Finishing?’ 

6 Please have salesman call 

' 
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Free Radicals 


(CONTINUED FROM PAGE 38 ) 


dation. In other words, this is a single 
component system, and the energy 
derives from the exothermic recombi- 
nation of hydrogen atoms. This 
graph is based upon introduction of 
the fuel at the normal boiling point of 
H., 20.4 K, and a reversible adiabatic 
nozzle expansion from 40 to 1 atmos- 
phere. This particular system has the 
lowest molecular weight, and hence 
possesses very attractive specific im- 
pulse characteristics. The second 
graph shows the properties of the 
O-O. system, expanding from 20.4 to 
| atmosphere, entering at the normal 
boiling point of oxygen, 90.1 K. 

A comparison shows that the per- 
formance of the H-H»s system is 
roughly four times that of the O-O, 
system, a figure one would expect from 
the approximately 16-fold ratio of the 
molecular weights and approximately 
equivalent bond strengths. 

The effect of chamber pressure on 
the specific impulse of H-H» systems 
when expanded to one atmosphere is 
shown in the third graph on page 37. 
The relatively flat portions of the 
curves at the higher pressures result 
from the progressively diminishing 
relative influence of pressure ratio in 
the specific impulse, compared to the 
temperature effect. A_ similar effect 
would be expected for any free radical 
system under gas phase operating con- 
ditions. 

Another means of indicating the 
pressure effect is indicated in the 
fourth graph on page 37, wherein is 
shown the effect of pressure on the 
adiabatic reaction temperature — for 


various parametric values of initial 
mol fraction of H in H-H, mixtures. 
The repressive effect of dissociation 
by elevated pressures is shown to be 
controlling by the very high slopes of 
the lines. 

Another category of fuel possibili- 
ties lies in the metastable excited state 
of monatomic species. This is another 
example of a non-redox source of en- 
ergy. If a noble gas, such as helium 
or neon, is sufficiently energized, there 
exists the likelihood that an electron 
of the outer orbit will jump to a level 
very significantly higher in energy 
than that of the ground state. The 
return of the electron to the ground 
state would cause the release of the 
same amount of energy. The quan- 
tum mechanical selection rules make 
a direct return to the ground state 
relatively improbable. Thus, with the 
electron in a high-energy orbital, the 
atom is in a highly energetic and 
metastable state. 

Again referring to the table on 
page 37, we observe that very attrac- 
tive levels of performance appear 
possible for such propellants. The 
first graph on page 38 indicates levels 
of theoretical performance at fairly 
low concentrations of the excited spe- 
cies. The second graph shows the 
effect of inert diluent composition for 
fixed concentrations of metastable 
helium. 

The very attractive performance 
potentials of free radical and meta- 
stable atomic systems arouse consid- 
erable interest in four problem areas: 

1. By what means may these ener- 
getic species be generated? 

2. To what levels may the gen- 
erated radicals and excited atoms be 
concentrated? 


One of the “pillow-tire” FWD Teracruzers, multi-purpose ground support vehicles 
in the new TM-61B Matador guided missile weapons system, is driven from the 
Lockheed C-130 Hercules transport at Orlando AFB. The eight-wheel-drive 
vehicle moves missiles and their support and launching equipment to launching 


areas inaccessible to standard trucks. 
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3. How and for how long may these 
maximum concentrations be preserved 
without the exothermic process taking 
place? 

4. How may the recombination or 
return to the ground state be initi- 
ated and controlled so that the energy 
given off may be safely and usefully 
applied in a desirable space of time? 

The answer to the first question 
appears to be fairly well worked out, 
It is the second and third questions 
which are presently under study at 
NBS and elsewhere. The successful 
resolution of these two questions wil] 
probably provide clues to attacking 
the last problem. 

In general, the attack on these ques- 
tions at present lies in the area of 
cryogenics. The reasoning behind 
this is twofold. First, it is thought 
that solidifying the free radicals as 
formed will provide immobility, so 
that their collision and recombination 
will be prevented. Secondly, the 
chemical kinetics at very low tempera- 
tures may make stabilization possible 
by reducing at once the effective rate 
of collision and the energy possessed 
at collision. 

As an example, by making certain 
simplifying assumptions regarding col- 
lision cross sections and statistical be- 
havior, the theoretical half-life of 
metastable neon has been approxi- 
mated. The least-squares fit of the 
data gives: 


Logo sec = = 11.4926 


The third graph on page 38 indi- 
cates this half-life as a function of 
temperature. At low temperatures, 
the half-life ranges from about 25 sec 
at 10 K to many years at about 5 K. 
These figures are intended to give 
order-of-magnitude, and may be off 
by several tens. However, it is clear 
that stability of metastable neon has 
such a high-temperature coefficient 
that it may be storable indefinitely at 
ultra-low temperatures. — Catalytic 
promotion of the exothermic reaction 
would be unnecessary, as slight warm- 
ing of the fuel on entering the thrust 
chamber would initiate the reaction. 

It was the purpose of this article to 
outline the work being carried out in 
the general field of metastable ener- 
getic substances. Additional systems 
are in process of computation and 
more complete results will be avail- 
able shortly. 

The general field of free radical and 
metastable atomic propellants _pre- 
sents certain attractive thermodynamic 
and performance aspects. The success 
of the program on the concentration 
and stabilization of these substances 
will control the future applications of 
non-nuclear high-energy propellants. 
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SERIES 33 SUB-MINIATURE RELAYS 


DATA SHEET 


REMOVE AND FILE FOR REFERENCE 


“SNAP-ACTION’’ DESIGN FOR EXTREME RELIABILITY 


Novel snap-over action of this switch eliminates the “floating-contact”. High contact pressures, extremely 
rapid flight time, quick are quenching, high impact and contact wipe are features accounting for its great 
reliability and unusually high contact ratings. Impact and wipe of the switch action, especially when combined 
with special contact materials, results in excellent low-level or “dry circuit” operation. Rapid flight time and 
are quenching makes this type switch particularly good with the use of inductive loads. Heat-treated Beryllium 
copper switch springs are employed for longer fatigue-life running into several million operations. Large 
contact blades offer good heat dissipation for long contact life. 


SERIES 33 ASSEMBLY FEATURES: 


DC-35 relays are constructed to withstand destructive 
shock tests of more than 100 G’s without mechanical dam- 
age, and high operative shock and vibration tests without 
contact chatter or opening. 

Standard coil and contact rating, listed on reverse side, are 
conservative. Additional ratings are available for special 
requirements, 

Temperature range for the standard unit is from — 65° C 
to 125. € .Wider temperature ranges available on request. 
Terminal header and enclosure are designed to meet mil- 
itary requirements of leakage to specifications MIL-R-5757 
and MIL-R-25018. Insulation within enclosure is of high- 
temperature inorganic type, preventing contamination of 
contacts. 

Addition of a high temperature full-wave bridge rectifier 
is possible by extending length of the relay body to 1.5 
inches, 

Provisions for mounting are extremely flexible. Rugged 
standard mounting flange of the encircling type permits 
placement of flange at any position along body length. 


SERIES 33 DESIGN FEATURES: 


THE MAGNETIC ASSEMBLY: High magnetic efficiency 
and unusually low magnetic leakage is a characteristic of 
this tightly-closed magnetic circuit. Fully annealed Armeo 
iron is used. Favorable armature weight (2.2 grams) to 
retractable spring ratio accounts for high resistance to 
external forces. Special coil design—dry-wound without 
impregnating varnishes and a minimum amount of in- 
organic materials—provides a high number of ampere 
turns for greater magnetic efficiency. Freedom of residual 
magnetism is obtained without use of conventional non- 
magnetic anti-freeze pins. 


DOUBLE SPIRAL SPRING: This unique spring fune- 
tioning as the armature retraction and one armature 
hearing, was especially designed for non-resonance over 
a frequency range from 0 to more than 3500 eps. Com- 
posed of two adjacent sections, each of whieh are dis- 
similar and tapered by a logarithmic function, this spring 
cancels out small resonant conditions which tend to occur. 
Spring is flexible in only one plane, allowing good arma- 
ture activity plus good armature stability from move- 
ment in undesireable planes. 


SERIES 33 SUB-MINIATURE RELAY AND SUB-ASSEMBLIES 


COMPLETE RELAY f 


RELAY SWITCH AND 
MOTOR ASSEMBLY 


Remove and file for reference. 


Perforated for easy tear-out. 
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Joliet 3-3431 


: MAin 5317 
PLymouth 5-3377 


SEATILE... 
JOLIET 


TORONTO 


Winston Salem 5-3612 
VOlunteer 3-3661 
AMbherst 2-6516 
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General Offices: 59 W. Washington St., Joliet, lilinois 


it's Alpha and Beta— 
Not Sputniks—From Now On 


From here on in, Alpha and Beta 
are the names for satellites. The new 
terms, an extension of the astronomical 
system used to identify newly dis- 
covered natural objects in the sky, wil] 
henceforth be applied to artificial 
satellites. 

Under this system, the first satellite 
seen in 1957 would become 1957 
Alpha and the second, 1957 Beta. In 
a further development of this system, 
Arabic numerals would be used to 
designate objects according to their 
apparent brightness. Thus, the Sput- 
nik I rocket becomes 1957 Alpha 1; 
the satellite itself, 1957 Alpha 2; and 
the third and faintest object asso- 
ciated with the first satellite (prob- 
ably the nose cone), 1957 Alpha 3. 
In like fashion, Sputnik II or Muttnik I 
becomes 1957 Beta 1. 

This may be logical, but, as one 
observer noted, “it sure lacks color.” 


National Model Missile 
Association Organized 


A nationwide amateur rocket group 
called the Model Missile Assn. has 
been organized under the sponsorship 
of Model Missiles, Inc., of Littleton, 
Colo. The association offers senior 
and junior memberships, and is formu- 
lating a Model Missile Safety Code. 
Arrangements have been made_ to 
establish a Test Center on a full square 
mile of empty land west of Denver, 
where model rocket shoots will take 
-_ under adult supervision and con- 
trol. 


Missile Market 
(CONTINUED FROM PAGE 52) 


term news prospects. Among them 
are. . . aircrafts and missile issues 
such as Boeing, General Tire, Martin, 
Douglas and North American Avia- 
tion.” (E. F. Hutton & Co.) 
Marquardt—“Earnings per share are 
expected to increase to $1.40 this year, 
from $1.18 last year... . The prom- 
ising outlook for ramjet engines and 
the strong representation in this field 
enjoyed by Marquardt would seem to 
justify the appraisal of current earn- 
ings at about 20 times. The stock... 
has attractive long-term appreciation 
possibilities.” (Fahnestock & Co. ) 
G. M. Giannini—“While 1957 earn- 
ings of about $1.00 per share will fall 
short of earlier estimates . . . Giannini 
is bound to be an important benefici- 
ary of the expanded missile program 
. with well over 50 per cent of its 


This is the 6.4 in. baby satellite U. S. had hoped to 
launch last month in place of the initially planned 22-in. 
“moon” in an effort to beat their March deadline into space. 

Looking somewhat like a shrunken head from outer 
space, the baby satellite weighs 4 lb and, like its larger 
brother, will sit atop a separation mechanism above the 
third-stage solid rocket motor. The flexible cross bars be- 
tween the satellite and the rocket (above left) give sup- 
port to the third-stage engine before it is spun up and out 
from the second stage. The crossbars themselves are then 
ejected after the third stage leaves the protective cylin- 
drical sleeve some 300 miles above the earth. 

The nose cone (above right), which will protect the 
satellite in its ascent through the atmosphere, is made of a 
temperature-resistant asbestos phenolic compound and is 
formed in two sections. These sections open up like a 
clam shell and are ejected once the vehicle has passed 


through the denser part of the atmosphere. 


sales going directly to the manufac- 
turers of guided missiles.” (Forbes) 

“North American Aviation and 
Thiokol seem to be two issues in the 
defense group which appear interest- 
ing at this time.” (Pershing & Co.) 

Morris Cohon & Co. has a 23-page 
study on Mine Safety Appliances Co. 
which, it believes, will benefit mate- 
rially from the research push in high 
energy fuels through its 75 per cent 
ownership of the common stock of 
Callery Chemical Co. 


Financial Briefs 


. General Dynamics net for 9 
months ended Sept. 30 climbed to 
$3.50, from $2.51 the previous year, 
on a 58 per cent increase in sales. 
(Included in last year’s figure was a 
nonrecurring item of $0.24 per share.) 
Backlog exceeds $1.7 billion. 
Lockheed official says net this year 
will slip under the $5.10 a share 


earned in 1956. . . . Reaction 
Motors sees 1957 earnings at about the 
same as last year ($1.43 per share) on 
a 50 per cent increase in sales. . 
General Precision Equipment nets 
$2.70 vs. $1.21 in latest nine months 
period, sets present backlog at $164 
million. . . . Boeing expects to re- 
port slightly higher earnings for 1957, 
paid 4 per cent stock dividend Dec. 
17... . Sperry Rand earnings de- 
cline to $0.62, from $0.70, in 6 months 
ended September, attributable to in- 
creased expenditures for research and 
development. . North American 
Aviation earns $4.22 vs. $3.59, in year 
ended September. . Bendix ex- 
pects sales and earnings to decline be- 
tween 5 and 10 per cent in fiscal year 
ending next September. . . . Ray- 
theon believes sales can reach the 
$300 million annual level, on which 
earnings could run around $3 a share, 
before present capitalization would 
have to be altered. 
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APPOINTMENTS 


S. K. Hoffman, general manager of 
the Rocketdyne Div. and a member 
of the National Board of ARS, and 
Joseph G. Beerer, general manager of 
the Missile Development Div., have 
been named vice-presidents of North 
American Aviation, Inc. 

Food Machinery & Chemical Corp. 
has expanded its rocket development 
activities by establishing its Special 
Projects Branch as a central chemical 
function and naming the head of the 
group, Noah S. Davis, past president 
of the AMERICAN ROCKET SOCIETY, 
to the new position of director. John 
H. Keefe will be manager of the 
Chemical Dept. and Erik Saller man- 
ager of the Engineering Dept. within 
the Branch. Laboratories and_ test 


cells for the Branch have already been 
established in a newly acquired build- 
ing in Buffalo, N. Y. 


Davis Willey 


G. T. Willey, vice-president of 
manufacturing, The Martin Co., has 
assumed additional duties as_ vice- 
president and general manager of a 
newly created division designed to 
speed on-the-spot arrangements for 
launching of the Vanguard satellite 
and the AF Titan ICBM. The divi- 
sion will have equal status with Mar- 
tin’s Baltimore, Denver and Orlando 
Divs., and Willey will have charge of 
all company activities in the Patrick 
AFB and Cape Canaveral area. 


C. D. W. Thornton has been named 
director of research and development, 
Farnsworth Electronics Co. He was 
formerly director of research, having 
joined the company in February, 1956, 
as assistant to the president for atomic 
energy. 


J. G. Tschinkel has joined the High 
Energy Fuels Organization of Olin 
Mathieson Chemical Corp. Dr. 
Tschinkel, formerly head of the Com- 
bustion and Fuels Laboratory at the 
Army Ballistic Missile Agency, is head- 
ing a group at the company’s labora- 
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Truax Awarded Legion of Merit 


Protocol officer reads citation accompanying award of Legion of Merit to Comdr, 
Robert C. Truax (right) as Brig. Gen. O. J. Ritland, who presented the award, 


looks on. 


tory in New Haven, Conn., doing re- 
search in the gas generation, combus- 
tion and rocket propulsion fields. 


Walter C. Robertson has become a 
vice-president of American Bosch 
Arma Corp., in charge of marketing 
and servicing of defense products, as 
well as contract administration con- 
nected therewith. 


A. D. Kafadar, formerly manager of 
the engineering thermodynamics and 
weapon development group at Ameri- 
can Machine & Foundry Co., heads the 
newly formed Ordnance Engineering 
Associates, Inc., which will do R&D 
work and = manufacture cartridge- 
actuated devices for escape capsules 
and missile applications, and weapons 
and missile systems components. 


The National Science Foundation 
has appointed Burton W. Adkinson 
head of its Office of Scientific Infor- 
mation. Dr. Adkinson was formerly 


director of the Reference Dept. of the 
Library of Congress. 


Sinclair Black 
George W. Sinclair has been named 
plant manager and John W. Black 
assistant plant manager of the Tuc- 
son, Ariz., facility of Hughes Aircraft 


Co. Sinclair was formerly works 
manager of the plant, which produces 
the Falcon missile, while Black was 
associate director of the Hughes 
Guided Missile Laboratories. 


Higginson 


Wilhite 


Guzzo 


Thiokol Chemical Corp. has an- 
nounced five appointments in its new 
Utah Div., engaged in research, de- 
velopment and testing of large solid 
propellant engines. John Higginson 
has been named general manager; 
V. H. B. Wilhite, technical director; 
A. T. Guzzo, head, Manufacturing 
Dept.; W. D. Kelley, head, Quality 
Control Dept.; and J. E. Dieter, head, 
Administrative Dept. 


Donald W. Douglas Jr. has been 
elevated to the presidency of Douglas 
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Aircraft Co., succeeding his father, 
Donald W. Douglas Sr., who remains 
chairman of the board and chief execu- 
tive officer of the company. Frederic 
W. Conant has been named to the new 
office of vice-chairman of the board, 
while John A. Dundas has been ap- 
pointed executive vice-president and 
named to the board, and Gen. Ira C. 
Eaker (USAF-Ret.), who joined the 
company in October, has been elected 
vice-president in charge of the Doug- 
las Eastern offices. 


Wisenbaker Ashworth 


T. C. Wisenbaker has been named 
assistant manager of the Missile Sys- 
tems Div., Raytheon Mfg. Co. He 
was formerly manager of Raytheon’s 
Bristol, Tenn., plant. Succeeding him 
as manager of the Bristol plant is 
H. T. Ashworth. 


Ali B. Cambel has assumed the 
chairmanship of the Mechanical En- 
gineering Dept. at Northwestern Uni- 
versity. Dr. Cambel, an Associate 
Editor of Jer Proputsion, has been at 
Northwestern since 1953 and is di- 
rector of its Gas Dynamics Laboratory. 


Lightfoot 


Jackson K. Lightfoot has been ap- 
pointed chief engineer of the Missile 
Products Div. of Beckman & Whitley, 
Inc. He was previously chief engi- 
neer of Omark Industries. 


William R. Millard has been named 
head of the Engineering Dept. and 
Lewis A. Barry of the Development 
Dept. of the Research and Develop- 
ment Div., Callery Chemical Co. In 
addition, George P. Brandt has been 
appointed production manager of the 
new Callery plant at Lawrence, Kan. 


Lockheed Missile Systems Div. has 
named three staff managers in the 
project systems branch. E. R. Proc- 
tor heads the schedules and coordi- 
nation staff, Karl J. Wein the support 


Millard Barry 
systems staff and Harry Windsor the 
logistics staff. 


Atlantic Research Corp. has added 
four new engineers to its staff. 
Joshua S. Bowen Jr. and Carl L. 
Howell Jr. join the chemical engineer- 
ing group, while Robert H. Twyford 
joins the missile engineering group. 
Humphrey J. Elliott Jr. has rejoined 
the company as a member of the proj- 
ect engineering group. 


William J. McBride Jr., former 
manager of Varian Associates’ Klystron 
Development Dept. has been named 
head of the company’s newly formed 
Systems Group, a separate operating 
unit which combines the former Sys- 
tems Development and Linear Accel- 
erator groups. 


Walter R. Dornberger has been 
named technical assistant to the presi- 
dent of Bell Aircraft Corp. Dr. Dorn- 
berger, commander of the German 
Peeneminde rocket station in World 
War HI, joined Bell in 1950 after 
serving three years as a missile con- 
sultant to the AF Air Material Com- 
mand at Wright-Patterson AFB. 


Daniel Breedon has been named 
staff assistant in the Army Missiles 
Dept. at Aerophysics Development 
Corp. He was formerly at Redstone 
Arsenal, where as an Army Major, he 
was deputy chief of the surface-to-sur- 
face missile branch, Research and De- 
velopment Div. 


Brandt Breedon 
Ramo-Wooldridge Corp. has estab- 
lished an autonomous operating divi- 
sion called the Space Technology 
Laboratories. Simon Ramo will re- 
linquish his duties as executive vice- 
president and secretary of R-W to be- 
come president of the laboratories. 
Other officers will be Louis G. Dunn, 


executive vice-president and general 
manager, and Ruben F. Mettler, as- 
sistant general manager. 

Irvin D. Black has joined the air- 
frame propulsion and internal systems 
department and Louis Strauss has been 
named manager of the control systems 
department of Lockheed Missiles Sys- 
tem Div. Black will work on Polaris 
development, while Strauss will di- 
rect control systems development for 
the Navy ballistic missile. 


HONORS 


Comdr. Robert C. Truax, outgoing 
President of the AMERICAN ROCKET 
SocieTy, was recently awarded the 
Legion of Merit for his performance of 
outstanding services in pioneering and 
advancing Navy efforts in the field of 
guided missiles. Comdr. Truax, pres- 
ently attached to the AF Ballistic 
Missile Div., Hq ARDC, Inglewood, 
Calif., received the award from Brig. 
Gen. O. J. Ritland, Vice-Commander 
of the Division. He was also cited for 
his performance of duty from 1953 to 
1955 as head of the Ship-Launched 
Branch of the Bureau of Aeronautics 
and in other capacities, during which 
time he made an independent study on 
“Making the Guided Missile Subma- 
rine a Primary Naval Weapon,” which 
contained most of the elements of the 
Navy's current fleet ballistic missile 
program. 

Wolfgang B. Klemperer, chief of 
the missiles research section of Doug- 
las Aircraft Co., has been awarded 
the honorary degree of Doctor of 
Technical Sciences by the Institute of 
Technology in Vienna, Austria, for 
his “pioneering and _ internationally 
recognized research work in the field 
of aeronautics.” 


The Distinguished Service Medal 
was recently awarded to Maj. Gen. 
Albert C. Boyd, who voluntarily re- 
tired Oct. 31 after 30 years in the 
Air Force. Gen. Boyd, who was 
Deputy Commander for Weapon Sys- 
tems of the Air Research and Develop- 
ment Command at the time of his re- 
tirement, was cited for his outstanding 
contributions in the advancement of 
aircraft testing methods during his as- 
signment with ARDC, 


The Lockheed Management Club of 
Georgia, made up of 2800 men in 
Lockheed Aircraft Corp.’s Marietta 
Div., has been named the best in-plant 
management club in the nation for 
1957 by the National Management 
Assn. Runners-up were the Convair 
Management Club, Ft. Worth, Tex., 
Div., and the North American Avia- 
tion Management Club, Col:imbus, 
Ohio. 
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Aspects of Vanguard 


(CONTINUED FROM PAGE 47 ) 


sure in the third stage to a very low 
value while maintaining good combus- 
bustion efficiency. However, this has 
raised problems of nozzle design, since 
the correct expansion ratio must be 
obtained if the desired specific impulse 
is to be realized. Some question has 
arisen as to whether the nozzle could 
absorb the heat flux of the exhaust 
flame and still maintain its integrity in 
vacuum, since no cooling is possible 
except by radiation, and this is limited, 
being a fourth power of the tempera- 
ture. Computation and some experi- 
ments have shown, however, that the 
nozzle is not likely to deform during 
the lifetime of third-stage combustion. 


Other Propulsion Factors 


Many other propulsion factors are 
unique to the Vanguard vehicle and 
can only be listed briefly. Among 
these are: 

1. Thrust alignment and gimballing 
of first- and second-stage thrust 
chambers. Since these chambers exer- 
cise pitch and yaw control for their 
respective portions of the vehicle, it 
is necessary to design a gimballing 
apparatus with hydraulic actuators, 
while maintaining close thrust align- 
ment through the center of the vehicle. 

2. Mixture ratio control and out- 
age. Flight performance of the ve- 
hicle is predicated on a low value of 
propellant outage. In other words, the 
liquid rockets must consume almost 
all their propellants to achieve their 
mission. Outages can be reduced to 
low values by a_ high “hydraulic 
rigidity,” i.e., by having high pressure 
drops throughout the system and high 
chamber pressures. Also, some outage 
control can be achieved by means of 
a mechanical mixture ratio control 
using proportional propellant valves 
which can meter the propellants for 
the proper mixture at all times, and 
by the use of elaborate turbine speed 
governors and hydraulic feedback cir- 
cuits which keep the flow of propel- 
lants at the proper volume. It has 
not been possible to do this in the first 
stage. The second stage, being a 
simple gas-pressurized system, is 
affected by the vagaries of flight, and 
depends on the ability of the chamber 
to operate at a given mixture ratio to 
achieve a reasonable outage while 
maintaining the necessary combustion 
efficiency. 

3. The third-stage unit must be 
aligned very precisely to maintain 
close control of the thrust developed 
in the nozzle. This unit must also be 
spun to achieve some “bullet” stability 
in its flight path in the orbit. 
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4. All of the tanks and the third- 
stage case must be designed to with- 
stand high accelerations and yet be 
light enough to have the required mass 


ratio. This has required the use of 
materials stressed to very high values, 
introducing new problems of welding, 
fabrication and material control. 


Separation Is Complicated 


5. The first and second stages must 
be separated at a high altitude and in 
vacuum. This cannot be done by 
magic but necessitates an elaborate 
scheme of explosive bolts and metal 
separation. The first-stage chamber 
must decay smoothly and the second- 
stage chamber must ignite while this 
separation scheme is being initiated 
and completed. The ignition of the 
second-stage engine is a_ difficult 
enough problem in vacuum without 
the additional encumbrance of igni- 
tion in a partially closed area of the 
second-stage separation department. 

Such rocket vehicles as the Aerobee, 
Corporal, TV-2 and Viking had many 
problems, of course, but few of those 
listed above at once. The _ thrust 
chamber of the Viking, for instance, 
ran at a low combustion efficiency 
with a specific impulse barely exceed- 
ing 200 sec. Therefore, there was no 


serious heat rejection problem. These 
vehicles had outage difficulties but 


Neils Jensen, project engineer with 
Litton Industries, Inc., Beverly Hills, 
Calif., shows how he can handle a 
wrench while wearing a pressure suit 
designed to protect him at a simulated 
altitude of 95 miles in the new high- 
altitude test chamber designed by Lit- 
ton for ARDC. 


were not so dependent on reduced 
outage for ultimate performance. 

In the Vanguard, however, the final 
stage either achieves an orbit or jt 
does not. In the Viking, it was not 
catastrophic if the rocket missed 
hoped for altitude by 20 or 30 miles 
or so. It was not necessary to ignite 
engines at altitude nor was there 
need for the peculiar interdependence 
of engine shutdown decay and igni- 
tion of various stages as in Vanguard, 

Another fluid mechanical problem 
almost impossible to predict, namely 
sloshing and cavitation and propellant 
pipe intake “starvation,” is of more 
concern to Vanguard designers than jt 
was to designers of these other ve- 
hicles. Even if propellant sloshing 
could be predicted and measured, it 
would be most difficult to do anything 
about it. Tank baffles, serrations and 
high pressure drops help reduce this 
effect but introduce extra weight and 
complexity which could not be toler- 
ated here. 


Variation of Thrust Coefficient 


Another question is the variation of 
the thrust coefficient with altitude for 
the various Vanguard stages. Certain 
thrust coefficient values are assumed 
and, when incorporated in_ ballistic 
equations, give a certain altitude or 
vacuum performance. However, this 
thrust coefficient cannot be measured 
accurately at sea level because the 
second- and_ third-stage nozzles are 
overexpanded for sea level pressure. 
Therefore, the value is much reduced 
at sea level and has to be extrapolated 
to altitude. 

To conclude, then, the success of 
the Vanguard propulsion system de- 
pends on the achievement of high 
specific impulses, expected altitude 
performance and the maintenance of 
adequate thrust-to-weight ratios with- 
out excessive accelerations, high alti- 
tude reliable ignition without “hard 
starts,” and a smooth and rapid sea- 
level engine start so that a good thrust- 
to-weight ratio may be achieved 
quickly. If the thrust-to-weight ratio 
is less than unity or even unity for an 
appreciable time, not only will un- 
necessary propellant loss occur, but 
vehicle stability will be affected, es- 
pecially if excessive wind velocities 
are encountered. 

The magnitude of the problem can 
be judged from even this brief des- 
cription of what is involved. Some, if 
not all, these factors have been met 
in one form or another in various 
vehicles, but never at one time, as in 
Vanguard. 

Solving such problems represents a 
major step forward in the propulsion 


field. 
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Certainly! 


It was there, in the ground, in the air and water. It 
always had been. There are no more “raw materials” 
today than there were when Rome ruled the world. 

The only thing new is knowledge... knowledge of how 
to get at and rearrange raw materials. Every invention 
of modern times was “available” to Rameses, Caesar, 
Charlemagne. 

In this sense, then, we have available today in existing 
raw materials the inventions that can make our lives 
longer, happier, and inconceivably easier. We need only 
knowledge to bring them into reality. 

Could there possibly be a better argument for the 
strengthening of our sources of knowledge—our colleges 
and universities? Can we possibly deny that the welfare, 
progress—indeed the very fate—of our nation depends 
on the quality of knowledge generated and transmitted 
by these institutions of higher learning? 

It is almost unbelievable that a society such as ours, 
which has profited so vastly from an accelerated accumu- 
lation of knowledge, should allow anything to threaten 
the wellsprings of our learning. 


z=, Atomic power in Caesar’s day? 


Yet this is the case 


The crisis that confronts our colleges today threatens 
to weaken seriously their ability to produce the kind of 
graduates who can assimilate and carry forward our 
rich heritage of learning. 

The crisis is composed of several elements: a salary 
scale that is driving away from teaching the kind of 
mind most qualified to teach; overcrowded classrooms; 
and a mounting pressure for enrollment that will double 
by 1967. 

In a very real sense our personal and national progress 
depends on our colleges. They must have our aid. 

Help the colleges or universities of your choice. Help 
them plan for stronger faculties and expansion. The 
returns will be greater than you think. 


If you want to know what the college 
crisis means to you, write for a free book- 
let to: HIGHER EDUCATION, Box 36, 
Times Square Station, New York 36, 
New York. 


KEEP IT BRIGHT 


= 


Sponsored as a public service, in cooperation with the Council for Financial Aid to Education, by 


AMERICAN ROCKET SOCIETY, INC. 
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the international scene 


News from abroad about rocket and missile activities 


BY ANDREW G. HALEY 


ee LEGAL problems involved in the 
use of radio frequencies for space 
communications will receive interna- 
tional attention as a result of the filing 
by the AMERICAN RocKET Society of 
comments in the legislative inquiry 
presently being conducted by the Fed- 
eral Communications Commission pre- 
paratory to the next world-wide tele- 
communications conference to be held 
in Switzerland in 1959. As General 
Counsel of the Society, I filed the 
document with the FCC on Nov. 25, 
in response to the Commission’s in- 
quiry into “What changes in the Inter- 
national Table of Frequency Alloca- 
tions are required” in the future. 

At present, no radio frequencies are 
set aside solely and specifically for use 
in connection with the flight of ve- 
hicles in space, or for fixed point-to- 
point communication between earth 
and positions in space, such as the 
moon. The U.S.S.R. has proceeded 
nevertheless to use the frequencies 
20.005 me and 40.002 me for its Sput- 
niks. 


Used for Other Purposes 


The 20.005 me frequency is allo- 
cated to the standard frequency serv- 
ices for world-wide use. These serv- 
ices are principally aids to calibration 
of scientific equipment. The 40.002 
me frequency is allocated for fixed and 
mobile services in Regions 1 and 2 of 
the world as established by the Inter- 
national Telecommunications Union; 
in Region 3, it is allocated to the fixed, 
mobile and aeronautical radionaviga- 
tion services. 

Improper use of either frequency 
could result in interference to vital 
calibration services and to the aero- 
nautical radio and radar services. 
Thus, a direct threat to the safety of 
life and property could arise from im- 
proper use of the frequencies. 


* * * 


The U. S. has specifically “cleared” 
the use of two frequencies—108 and 
137 mce—with the nations of the world 
through the IGY and the ITU. The 
U.S.S.R. did not request or obtain 
clearance for the frequencies used by 
the Sputniks prior to the launchings. 
In fact, notice of the use of the fre- 
quencies was not given until a matter 
of a few days before the launchings. 

Accordingly, the AMERICAN ROCKET 
Society has stressed to the FCC that 
the current use of any part of the spec- 
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trum for space flight communications 
“js not primary or exclusive, or, in- 
deed, in some instances, even lawful.” 

The Society will present its case 
primarily through the testimony of 17 
experts whom we will request to ap- 
pear before the Commission. Some of 
the proposed witnesses supplied state- 
ments for use in comments as to fre- 
quency needs and requirements for 
antenna design, research on the effects 
of the ionosphere on radio signals, 
power supply for transmitters in space, 
and equipment design. 

In reviewing the Society's com- 
ments, the Washington, D. C. Evening 
Star on Nov. 29, referred to the docu- 
ment as the “first positive development 
in the evolution of law for outer 
space.” The newspaper further stated 
that “. . . this development, coupled 
with future expectations, may have 
considerable significance for the early 
crystallization of regulations for near 
space.” 


* * * 


Until recently, there has been some 
reluctance, almost approaching hostil- 
ity, to the consideration of plans for 
regulation of radio frequencies for use 
in space travel. In November, 1956, 
I traveled to Warsaw, Poland, to pro- 
pose joint activity between the Inter- 
national Radio Consultative Commit- 
tee (CCIR) and the International 
Astronautical Federation. I proposed 
that the CCIR undertake a review of 
the requirements of space travel for 
radio frequencies, and promised the 
cooperation of the IAF in this en- 
deavor. The CCIR did not agree to 
the joint effort at that time. 


Proposal Has Been Circulated 


I am gratified to note, however, that 
R. Silberstein, Chairman, Working 
Group F of the USA Study Group VI 
(which is preparing the U. S.’s recom- 
mended CCIR position for submission 
at the 1959 world telecommunications 
conference) on Nov. 21 circulated to 
members of his committee a far-reach- 
ing proposal for radio allocations to 
space flight projects. 

This group specifically finds that 
“observations of radio emissions of the 
first earth satellites have already 
yielded valuable information about the 
ionosphere, as well as about problems 
of space travel.” Accordingly, Silber- 
stein’s group is prepared to recom- 
mend that “clear channels be set aside 


for the use of satellite and space ship 
emissions.” CCIR will also be urged 
to provide for “a carefully controlled 
comprehensive plan for sharing the 
standard frequency guard bands for 


* * * 


With characteristic kindliness and 
statesmanship, the Prince of Hanover 
concluded our joint lecture tour on 
“Law of the Age of Space” with the 
following statement made at a dinner 
given by the Greek Ambassador on 
Friday evening, Nov. 29: 

“It is with a sense of sincere grati- 
tude that I have received the invitation 
which Your Excellencies have ex- 
tended tonight to Mr. and Mrs, Haley 
and myself. 


Gave 25 Lectures 


“Mr. Haley and I have made a most 
interesting pleasant journey 
through the U. S. In 25 different 
places we have given lectures on the 
legal problems of space. We have 
paid visits to the Law Schools of the 
University of Detroit, University of 
Michigan, University of Chicago, 
Northwestern University, University 
of Wisconsin, University of Minnesota, 
Montana State University, Gonzaga 
Uriiversity, University of Washington, 
University of California, University of 
Utah, University of Colorado, St. 
Louis University, Harvard University, 
and other campuses, including Prince- 
ton University, and always under the 
distinguished auspices of Sections of 
the AMERICAN ROCKET SOCIETY. 

“Everywhere we have found the 
same marked degree of openminded- 
ness, and the firm resolution to coop- 
erate closely with us in Europe. If 
this tour of ours has helped to impress 
a large number of Americans with 
Europeans’ readiness to cooperate 
with the U. S., then I for one will be 
most happy. 

“I know that the advancement of in- 
ternational scientific cooperation is one 
of the chief motives of the many 
travels undertaken by Mr. Haley to 
Athens, and also to India and to the 
Middle Fast. 

“Tt is, therefore, my heartfelt desire 
to thank you for giving us an oppor- 
tunity to celebrate here in your Em- 
bassy tonight the conclusion of our lec- 
ture tour. I wish to express my most 
sincere thanks to Mr. Haley for his 
efforts.” 


satellite and space ship emissions. ...”_ | 
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Human Factors 
(CONTINUED FROM PAGE 4:3) 


At Wright-Patterson AFB near Day- 
ton, Ohio, the Aero Medical Labora- 
tory is studying design problems aris- 
ing from group confinement for long 
periods of time. A mock-up NB-36 
crew compartment has been modified 
into a five-man compartment with two 
independent areas, one for work and 
one for leisure. The duty area simu- 
lates a flight deck where crew mem- 
bers sit in individual ejection capsules. 
When not on duty, crew members re- 
lax in the leisure area. The crew re- 
mains in the confined compartment, 
with no visual contact with the out- 
side, for 120 hr of simulated uninter- 
rupted supersonic flight on a global 


mission. Psycho-physiological data 
are collected during the confined 
period. 


Lockheed Aircraft Corp., in Mari- 
etta, Ga., under an AF contract, is 
also studying human factor problems 
arising from confinement of air crews 
to a small flight station for extended 
periods of time. The study is being 
conducted by the Human Engineer- 
ing Dept., of Lockheed’s Military Op- 
erations Research Engineering Div. A 
mixed discipline of experimental, phys- 
iological, social and clinical psychol- 
ogists, human factors engineers, elec- 
tronic engineers, industrial designers, 
biophysicists, endocrinologists and 
physicians make up the project team. 
Five crew members spend 120 hr in 
a simulated flight station which is ap- 
proximately 17 ft long and 7 ft wide, 
with an average of less than 6 ft head- 
room. The present study deals pri- 
marily with human behavior under 
confinement, and will provide informa- 
tion concerning the relationship be- 
tween performance and_ physiological 
states. 


Conducted Preliminary Study 


The Engineering Dept. of Douglas 
Aircraft Co., Inc., Tulsa, Okla., has 
conducted a preliminary study on her- 
metically sealed cabins and concluded 
that the state of the art permits the 
formulation of a research and devel- 
opment program in this field. Such 
an R&D effort would furnish the air- 
craft industry with design criteria, 
fabrication techniques and safety fac- 
tors for sealed cabin structures of 
future high-performance operational 
aircraft, as well as manned _ rocket 
ships and space vehicles. In addition, 
R&D in this field would accomplish 
reduction of weight through minia- 
turization of environmental systems 
and other components in the cabin, 
thereby making it suitable for airborne 
use. 


True design criteria for any com- 
ponent or system must include the 
human element as a part of the sys- 
tem. The human factor must be com- 
patible with an individual system and 
the concept as a whole. A complex 
hermetically sealed environmental 
cabin is no better than its weakest 
link, i.e., the human element, the struc- 
ture, the environmental unit, elec- 
tronic controls or other systems or 
components. A complete program will 
have to include an extensive dynamic 
testing phase, which would simulate 
the most important conditions en- 
countered in operational use of sealed 
cabins. The human would be an 
intricate part of these tests. The 
Douglas Tulsa Div. has test facilities 
which could be adapted for use in 
sealed cabin R&D work. 

The Douglas-Tulsa high-altitude 
chamber is bell-shaped, has a 22 ft 
inside diam, and can be raised on three 
hydraulic rams 12 ft off the floor. The 
chamber is actually 33 ft high, includ- 
ing above and below floor levels. The 
top half is 17 ft 5 in. in height, and 
weighs 35 tons. The bottom section 
contains chamber heat exchangers and 
blowers, and is embedded in the floor. 
The top of the lower section is level 
with the floor and has a stainless steel 
grating capable of supporting 200 psf, 
or four 1200-Ib concentrated loads. 
The inside walls of the chamber are 
covered with a 6-in. insulating layer. 

The photo of the chamber on page 


Slow but Sure Snark 


On Oct. 31, an Air Force Snar 
took off from Cape Canaveral, flew 
for 5000 miles, and delivered its poten- 
tial nuclear payload “with unprece- 
dented accuracy” on a target near 
Ascencion Island. 

Somewhat akin to the tortoise in 
the fable of the tortoise and the hare, 
the subsonic Snark is considerably 
slower than the upcoming Atlas and 
Titan, but it is in the air and can fly 
5000 miles. 

The AF has also announced that 
Snarks are currently being launched 
with under-wing auxiliary fuel tanks 
to provide still greater range for the 
nation’s first operative intercontinental 
missile. 


42 shows an ECM compartment from 
a Douglas B-66 aircraft, being dy- 
namically tested with all its compo- 
nents and systems inside. The photo 
also shows the master console for au- 
tomatic or manual control of any 
programmed flight, i.e., altitude from 
0 to 120,000 ft and temperature vari- 
ations from +250 to —85 F. 

Using the barometric condenser and 
steam jet system, the chamber can be 
evacuated to 70,000 ft (0.649 psi) in 
5 min, to 100,000 ft in 14 min and to 
120,000 ft in less than 30 min. The 
chamber can be repressurized at a 
fast rate (uncontrolled) by using the 
emergency dump valve. In this man- 
ner, it can be brought in 30 sec from 
100,000 ft to ground level. A fast 
controlled rate of descent can be ac- 
complished by using the ram air sup- 
ply. In this way, an altitude of 18,- 
000 ft can be reached in 30 sec and 
ground level in 2 min. 


Have Several Advantages 


Altitude chambers of this type have 
a number of advantages in space cabin 
research and development work. 
These can be summarized as follows: 

1. It is possible to simulate near- 
space conditions of 120,000 ft (0.0628 
psi) indefinitely, without leaving the 
ground. 

2. Tests can include extreme condi- 
tions with safety. 

3. Chamber tests are less expensive 
than extensive flight tests. 

4. Instrumentation allows an un- 
limited number of tests to be con- 
ducted simultaneously under con- 
trolled conditions. 

5. Designs can be tested, changes 
made and retested quickly and eco- 
nomically. 

6. The space cabin can be control 
tested as an integrated unit which in- 
cludes the human being. 

The ideal hermetically sealed space 
cabin must be a closed self-contained 
system. The cabin should have zero 
leakage of atmospheric gases at pres- 
sure differentials up to 14.7 psi. The 
structure must withstand repeated and 
prolonged exposures to a pressure dif- 
ferential of 14.7 psi with safety. The 
environmental unit should attempt to 
simulate the most favorable sea level 
conditions on the earth, i.e., maintain 
total atmospheric pressure of 14.7 +2 
psi; oxygen concentration of 30 per 
cent +10 per cent; nitrogen concen- 
tration of 70 per cent +10 per cent; 
carbon dioxide concentration of 0.03 
per cent; keep noxious fumes or gas 
concentrations below detectable levels, 
e.g., carbon monoxide from smoking 
(maximum 0.005 per cent); tempera- 
ture at 70 F +10 F., and relative hu- 
midity at 35 per cent +10 per cent. 
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WESTFORD RADAR: 90-ton “cere 


Antimissile 
Radar 
in Operation 


al bowl” mounted on a 90 ft high tower. 


Lincoln Laboratory of the Massachusetts Institute of 
Technology recently revealed the existence of an extremely 
large and powerful new radar system in Westford, Mass. 

Developed in support of the joint U. S.-Canadian pro- 
gram aimed at providing an antiballistic missile defense 
for North America, the Millstone radar uses powerful klys- 


tron tubes 11 ft high to provide the transmitting power, 
and an antenna system which consists of an 84-ft diam 
parabolic reflector, mounted on a concrete and steel tower 


90 ft high. 


The rotating portion of the antenna weighs 90 tons and 
can sweep the sky with its horizontal rotating capability 
of 360 deg and a vertical elevating capability of 90 deg. 

The announcement also disclosed that U. S. scientists 
have been using the new radar to pick up the two Russian 


satellites. 


These conditions should be automati- 
cally controlled, with manual override. 

Initially, stored liquid oxygen will 
probably be used. Carbon dioxide 
can be absorbed chemically by some 
oxide of an alkali earth metal like 
LisO, although calcium oxide would 
be better, since it can be regenerated. 
A green algae system has been sug- 
gested as a cabin gas exchanger, but 
volume, weight, power requirements, 
ete., make this method impractical at 
present. 

The author’s research indicates that 
COz can be decomposed photochemi- 
cally, by using ultraviolet radiation 
and a catalyst, with the formation of 
some oxygen. However, additional 
research is required in this field before 
a useful system could be developed 
to utilize the free ultraviolet light in 
space to decompose respiratory CO, 
and return some oxygen to the cabin 
atmosphere. 

Water should be conserved by (1) 
condensation of respiration and_per- 
spiration water in the refrigeration sec- 
tion of the environmental unit, and 
(2) distillation, chemical purification, 
filtration and bacterial decomposition 
of wash water and urine. 
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Facilities for personal hygiene be- 
come more important as flight dura- 
tion increases. On extended flights 
a shower facility becomes a necessity, 
rather than a luxury. 


Feeding The Space Men 


Food could be in pill, dried, frozen 
or sealed (preserved by gamma radia- 
tion) form. Sealed package food 
would probably offer the greatest va- 
riety and would not require refrigera- 
tion. However, additional research is 
needed in this area. 

The problem of weightlessness, a 
characteristic of orbital flight, will not 
be resolved until manned satellites are 
tested. However, adaptation to the 
state of zero gravity seems possible. 
Orientation in the space cabin will be 
important to adaptation. Interior de- 
sign will have to provide orientation 
aids in the cabin. Seats could be 
securely fastened to guide rails on 
what will be considered the floor of 
the vehicle. In this way, astronauts 
could move around the cabin while 
strapped in their seats. Consideration 
should be given to adequate and con- 
tinuous lighting of the cabin so that 


visual references are available for ori. 
entation. Objects like flashlights, 
tools, pencils, etc., should be secured 
to the wall or other parts of the in- 
terior. 

Human engineering design should 
be used in obtaining maximum utiliza- 
tion of cabin space. The work and 
rest areas should be comfortable and 
aesthetically pleasing, and should be 
provided with adequate lighting. 

The human occupants should be 
considered as periodic monitors of au- 
tomatic equipment in the space craft. 
Sensible instrument panel displays and 
simple positive controls (buttons, 
levers or switches) should be designed. 
The general parameters of automatic 
controls in space vehicles are shown 
in the box on page 43. While no spe- 
cific system is implied, it seems de- 
sirable to provide automatic take-off 
and landing, and programmed orbital 
or powered space flights. 


Could Be Radiation Hazard 


Direct outside vision through trans- 
parent surfaces in the cabin wall is 
not considered desirable from a struc- 
tural point of view. It could also 
prove a radiation hazard to the astro- 
nauts. As in the submarine, the space 
crew could depend on a retractable 
optical device, such as a_ periscope, 
for spatial orientation in addition to 
other instrumentation, such as radar, 
T.V., radio, etc. 

The human operators would have 
control prerogatives, i.e., corrections, 
override and emergency. The multi- 
tude of electrical, electronic and me- 
chanical components and systems must 
have maximum reliability, and hence 
would require a dynamic integrated 
test program, as indicated previously. 

The space cabin should be consid- 
cred as the escape vehicle, although 
for added safety individual escape 
capsules could be provided. A space 
suit that could be donned quickly and 
easily should be made available for 
accidental or intentional decompres- 
sion in space and for exploration or 
repair work outside the space cabin. 
Protection against accidental decom- 
pression caused by a meteorite could 
be attained through use of double 
wall construction. In addition, the 
space cabin hull could be of sand- 
wich construction, with inner and 
outer layers both capable of withstand- 
ing the 14.7 psi differential pressure, 
and with a self-sealing material be- 
tween the two layers. This sandwich 
type hull should also have excellent 
thermal and acoustic properties. In 
larger cabins, compartmentation could 
be used. 

The primary particles of cosmic rays 
are made up of protons, neutrons, 


| 
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alpha particles and heavy nuclei, and 
have tremendous penetrating power. 
The passing of cosmic rays through 
the entire atmosphere is equal to going 
through 30 ft of water or a 37 in. 
thick lead plate. Mass shielding of 
a space cabin against cosmic radia- 
tion is not possible. Most of the pri- 
maries have an average energy of 6 
billion electron volts (Bev); some are 
as high as 81 Bev. The high specific 
ionization of these primaries deter- 
mines their relative biological effec- 
tiveness, ie., particles of high spe- 
cific intensity are from two to 10 times 
more effective per roentgen equivalent 
physical (rep) than are x-rays, gamma 
rays or beta particles. 

In dealing with cosmic rays, it seems 
wise to consider an acceptable total 
accumulated dose, rather than the in- 
tensity of the radiation alone. With 
present knowledge, it is doubtful if 
the recommended maximum permis- 
sible exposure to external ionizing ra- 
diation of 300 mr per week would be 
exceeded in short duration space 
flights. However, H. J. Schaefer has 
emphasized the need for better data 
on the physics and biological effects 
of the primary cosmic ray beam. Bal- 
loon experiments to 125,000 ft are 
vital, but outer space data is needed 
for space flight calculations. 

The effects of unknown dangers, 
like cosmic ray primaries, meteorites, 
solar radiation and weightlessness, on 
man, equipment and space vehicles 
must be predicted to build in some 
degree of safety prior to the first 
manned space flight. 

In striving for an ideal space cabin, 
human factors engineering attempts 
to get the maximum efficiency from 
the man-machine complex, by decreas- 
ing as many stress factors which may 
confront the astronaut as_ possible. 
The majority of the human factor 
problems involved in the development 
of a safe and reliable space cabin can 
be anticipated and solved by applying 
existing knowledge in a comprehensive 
R&D program. 


Pots Posthaste 


Helipot Corp., Newport Beach, 
Calif. has set up a special group, Poco 
Tiempo, to supply prototype quantities 
of specially modified precision po- 
tentiometers on a 10-day delivery 
schedule at no added cost. Both 
single- and multi-turn potentiometers 
in a wide range of diameters and re- 
sistance values are produced by Poco 
Tiempo. Modifications available in- 
clude special resistance values, toler- 
ances, linearities, taps, shafts, lids, 
bushings, ganged assemblies, torque, 
bearings and rotation. 


FREQUENCY (FIXED) — 250 cps. to 15,000 cps. VOLTAGE (OUTPUT) 


AMPLITUDE STABILITY — + 0.1% maximum under usual lab ambient conditions’, 


ELIN POWER 
OSCILLATORS... 
to ‘‘“System-mate’’ Your Equipment 
Requirements! 


CABINET MODEL 
DK-102 (2 watts) 
DK-106 (6 watts) 


RACK MODEL 
DK-102R (2 watts) 
DK-106R (6 watts) 


Pat. Pending. 


In applications concerning strain gauges, 
bridge-type transducers, time correlation, 
precision 400 cycle gyro testing, process 
control and preflight missile checkout, 
ELIN Precision Power Oscillators prove 
compatible and, in combination with other 
equipments, readily yield superior systems! 


The desirable features of ultra-precise 
frequency and amplitude stability, 

low distortion and high output power 
capacities, make ELIN Precision Power 
Oscillators the ideal ‘“System-mate” in 
these applications, and are derived from an 
exclusive High-Q LC tuned circuit anda 
special voltage-sensitive bridge 

combined in a circuit employing a 

large amount of negative feedback. 


10, 30 & 100 volts RMS, 
all with floating center-tapped output. DISTORTION —0.1°. maximum harmonic content, 
0.05% maximum AC hum, 0.01% maximum noise. CALIBRATION ACCURACY — + 0.02% 

under usual lab ambient conditions*, checked against station WWV as a primary standard. 


FREQUENCY STABILITY — = 0.5% maximum, under usual lab ambient conditions*, * 0.02% 
maximum per + 10 volts variation in line voltage, ~ 0.05% maximum, zero to full load. 

i ~ 0.02% 
maximum, per +10 volts variation in line voltage, 0.2% maximum, Zero to full load. 


Special models operating from other prime 
power sources, with higher power capacities 
and at other frequencies supplied to your 
specs in cabinet or rack styles. Write today! 


*Lab ambient, 10 C to 40 C. 


Reg. U.S. Pat. Off. 


Precision Power Oscillators 


ELECTRONICS INTERNATIONAL CO. 
145 West Magnolia Boulevard, Burbank, California 


Special Products Division of International Electronic Research Corporation, Burbank, California 
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government contract awards 


Aerojet Gets $55 Million 
Titan Engine Award 


Aerojet-General Corp. has received 
a $55,650,000 contract for propulsion 
units for the Titan ICBM from the 
Air Materiel Command. The com- 
pany has formed a Ground Support 
Equipment Section for missiles, with 
M. J. Neder at its head. It is now pro- 
ducing such equipment for the Titan 
in its test stages. 


RMI Gets Contract 
For Drone Engines 


A subcontract for development and 
delivery of a limited number of liquid 
propellant engines for the RP-76A tar- 
get drone was awarded Reaction 
Motors, Inc., by Radioplane  Div., 
Northrop Aircraft, Inc., prime con- 
tractor for the Army drone. 


Awarded Study Contract 


T. Paul Torda, professor of mechani- 
cal engineering at Polytechnic Insti- 
tute of Brooklyn, has received a $20,- 
700 award from the Wright Air De- 
velopment Center, Wright Patterson 
AFB, Ohio, for a study on “Basic Fluid 
Dynamic Phenomena Related to Com- 
bustion Stability.” The project. in- 
cludes construction of a rocket cham- 
ber with 250-lb thrust, and calls for 
study of such problems as reverse, 
downstream and side fuel injection jet 
units in various combinations, and re- 
lated effects of nonsteady as well as 
steady, changes in combustion cham- 
ber pressure. 


Hughes Lets Contract 


Hughes Aircraft Co. has let a $21/, 
million contract to Hamilton Watch 
Co. for quantity production of air- 
borne signal data recorder equipment, 
used to test the Falcon missile. 


AF Orders 
Tracking Units 


Cubic Corp., San Diego, has an- 
nounced receipt of a $1.1 million con- 
tract extension for production and 
installation of Secor units used by the 
Air Force in missile tracking and 
ranging. 


Recording Equipment Ordered 


Cook Electric Co., Skokie, Ill., has 
let a contract in excess of $150,000 
to the DataTape Div. of Consolidated 
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Electrodynamics Corp. for magnetic- 
tape equipment for a_ missile-range 
instrumentation system which CE is 
designing and building for the Navy. 


SYNOPSIS OF AWARDS 


The following synopsis of govern- 
ment contract awards lists formally 
advertised and negotiated unclassified 
contracts in excess of $25,000 for each 
Air Force, Army and Navy contract- 
ing office: 


AIR FORCE 


ComManpber, Hg. AMC, Waicut-Patter- 
son AFB, Ohio. 

Plastic compressor blades for jet en- 
gine turbine wheels and test reports, $50,- 
246, Cincinnati Testing and Research 
Laboratories, 316 W. Fourth St., Cin- 
cinnati, Ohio. 

Transducer, low altitude; transducer, 
air speed, for service drones, $189,467, 
Tele-Dynamics, Inc., 32nd and Walnut 
Sts., Philadelphia 4, Pa. 


AF CampBrince ReseArcH CENTER, 
ARDC, USAF, Laurence G. Hanscom 
Frecp, Bedford, Mass. 

Design and development of specialized 
halloon-borne instrumentation for a bal- 
loon carrier system, $48,494, Wentworth 
Institute, 550 Huntington Ave., Boston, 
Mass. 


He., AF Fruicut Test Center, ARDC, 
USAF, Epwarps AFB, Calif. 

Time and material contract for special 
maintenance and services for the LOX, 
LN2 and high pressure gas system, $53,- 
834, Red Diamond Construction Co., Inc., 
447852 N. Fig. Ave., Lancaster, Calif. 


Hg., AF Missite Test Center, ARDC, 
USAF, Patrick AFB, Fla. 

Increase in estimated cost and funds 
allotted, $159,528, Perkin Elmer Corp., 
Norwalk, Conn. 

Procurement of additional equipment, 
$38,025, Nems-Clarke, Inc., 919 Jesup 
Blair Dr., Silver Spring, Md. 

Increase in funds, $150,000, Radiation, 
Inc., Melbourne, Fla. 

Addition of modification No. IV to 
ABMA missile service structure No. 1, 
$60,286, Noble Co., 1860 Seventh St., 
Oakland, Calif. 

Increase in funds, $250,000, Cubic 
Corp., 5575 Kearny Villa Rd., San Diego, 
Calif. 

Services and materials, high resolution 
tracking system, $87,570, Barnes Engi- 
neering Co., 30 Commerce Rd., Stamford, 
Conn. 


Hg., AF OFFICE OF SCIENTIFIC RESEARCH, 
ARDC, Washington 25, D. C. 

Continuation of study of the oxidation 
of metals and alloys, $31,700, Princeton 
University, Princeton, N. J. 

Continuation of research on purifica- 
tion and substructure formation of prop- 
erties of high purity metals, $64,440, 


Franklin Institute, Philadelphia 3, Pa, 

Continuation of research on basic trans- 
port phenomena in germanium and jn- 
dium antimonide, $27,500, Battelle Me. 
morial Institute, Columbus, Ohio. 

Continuation of research on combus- 
tion dynamics, $40,000, Harvard College, 
Cambridge, Mass. 


Hg., San Antonio MATERIEL 
USAF, Ketty AFB, Texas. 

Ultrasonic and dye penetrant inspec- 
tion of F-102 main landing gear cylin- 
ders, $39,050, Automation Instruments, 
Inc., 7750 Monroe St., Paramount, Calif, 


ARMY 


Los ANGELES ORDNANCE Dist., U. §, 
Army, 55 So. Grand Ave., Pasadena. 
Calif. 

Repair parts for Nike system, $395,939, 
Douglas Aircraft Co., 3000 Ocean Park 
Blvd., Santa Monica, Calif. 

Spare parts for the Corporal missile 
system, $77,505, Firestone Tire & Rubber 
Co., 2525 Firestone Blvd., Los Angeles, 
Calif. 

Dart antitank guided missile, $826,963, 
Aerophysics Development Corp., P. O. 
Box 689, Santa Barbara, Calif. 

Spare parts for Nike system, $110,034; 
repair parts for Nike system, $819,289, 
Douglas Aircraft Co., 3000 Ocean Park 
Blvd., Santa Monica, Calif. 


Miuitary PETROLEUM Suppiy AGENCY, 
Washington 25, D. C. 

Jet fuel 4, 5,000,000 gal., Continental 
Oil Co., 1300 Main St., Houston, Tex. 


OFFICE OF THE District ENGINEER, U. S. 
ArMy ENGINEER’ Dist., BALTIMORE 
Cores oF Encineers, P. O. Box 1715, 
Baltimore 3, Md. 

Furnishing and installing electrostatic 
precipitator for hypersonic wind tunnel, 
Aberdeen Proving Ground, Md., $37,370, 
Western Precipitation Corp., 1000 W. 
Ninth St., Los Angeles, Calif. 


PurRCHASING AND ContTrRACTING Dyv., 
Wuirte SAnps Provinc Grounp, N. M. 

Extension of telemetering building at 
Tula Park, White Sands Proving Ground, 
N. M., $57,320, H & Y Construction Co., 
2500 Federal St., El Paso, Tex. 


Repstone ArseNAL, Huntsville, Ala. 
Hydrogen peroxide, C. P. grade, 76% 
+0.10% concentration, $33,876, E. 
Du Pont de Nemours & Co., Electro- 
chemicals Dept., Wilmington, Del. 
Furnish and supply 68,800 manhours 
of qualified civilian instructors to the 
Ordnance Guided Missile School for use 
in| preparing instructional courses and 
programs, $306,160, Phileo Corp., 22nd 
St. & Lehigh Ave., Philadelphia 32, Pa. 


U. S. Army SIGNAL SuppLY AGENCY, 225 
So. Eighteenth St., Philadelphia 3, Pa. 
Additional services, facilities and ma- 
terials for 12 months directed toward 
rocket-borne measurement of temperature 
and winds in the Arctic, $120,000, Uni- 
versity of Michigan, Ann Arbor, Mich. 
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Solid Propellants 
(CONTINUED FROM PAGE 41 ) 


However, this accusation hinges on 
a second argument, the argument that 
the entire propellant charge must be 
contained in a pressurized combus- 
tion chamber, and therefore light fuel 
tanks cannot be used. When only the 
surface aspects of this problem are 
considered and quantitative examina- 
tion is not made, this accusation does 
indeed appear to be quite indefensible. 
Let us, however, examine the metal 
thickness necessary in a combustion 
chamber of a_ solid rocket engine 
operating at 400 psi chamber pres- 
sure. Let us suppose that this is a 
fairly sizable rocket with a diameter of 
7.5 ft (90 in) and a length-to-diam- 
eter ratio of 4 (30 ft in length). Us- 
ing the standard cylinder strength 
formula, and assuming a strength of 
125,000 psi for the structural ma- 
terial, the wall thickness is 


400 «90 
t= 123,000> 0.144 in. 


For a tank of this size, it seems that 
any further reduction in wall thick- 
ness would make the device extremely 
difficult to handle and to assemble in 
a missile (even in the empty condition 
as it might be applied in a liquid fuel 
rocket). When such a tank is uti- 
lized in a solid fuel rocket, it is feasible 
to eliminate a greater portion of the 
missile structure by allowing the tank 
to carry the various aerodynamic loads 
imposed during flight, as shown in the 
drawing on page 41. 


Wall Thickness Examined 


Without a detailed examination of 
the application, it is probable that the 
wall thickness of a tank of this size 
would be established by the aerody- 
namic and acceleration loads which 
the missile must withstand, rather 
than by the internal chamber pressure. 
On the other hand, if the tank is used 
to contain liquid fuels of much lower 
density, and if the ratio of fuel to 
inert components is kept constant, it 
would be necessary to reduce its 
thickness, and therefore its weight, by 
a factor of at least 1.4. This would 
result in a tank thickness of about 
0.1 in. If such a tank were utilized 
in a liquid rocket, it seems almost 
certain that additions would have to 
be made to the structure to withstand 
the various types of loads encountered 
in flight. 

Although this comparison cannot be 
made quantitative without a detailed 
examination of the particular missile 
system requirement, it seems that the 
pressure vessel argument is indeed a 


weak one, especially when the capa- 
bilities of the solid fuel tank can be 
utilized as a major missile structural 
member. Further’ general points 
favoring solids in this argument are 
(1) that solid fuels are appreciably 
more dense than liquid fuels, and (2) 
whatever excess weight may be neces- 
sary in such a pressure vessel can be 
balanced against the weight of the 
liquid rocket turbopump, the fuel 
driving the pump, and the weight of 
the portioning devices and combustion 
chamber. 


Progress in Thrust Vectoring 


The third charge, that solid rockets 
cannot be adapted to incorporate 
thrust vector control and thrust ter- 
mination, can be discussed only in- 
directly, since the current status of any 
items of technology pertaining to these 
questions is under security wraps. 
While it is not possible to discuss the 
present state of the art in this area in 
an unclassified publication, it is ob- 
vious that the term “cannot” in the 
indictment fails to allow for tech- 
nological progress during the past 10 
to 15 years. 

Now that the attacks hurled at solid 
rocket systems have been repelled, we 
are ready to take the offensive. It 
will be directed at fundamental de- 
ficiencies of liquid fuel systems, and 
will ignore such practical matters as 
the long times needed to prepare for 
launching and other field handling 
difficulties. We will leave the liquid 
propellant engines to such applica- 
tions as high velocity sleds, or possibly, 
if reliability can be improved upon, 
to those manned long-range commer- 
cial applications in which the expen- 
sive engine (a remarkable chemical 
processing plant!) can be recovered, 
refueled and reused. The pendulum 
of development effort has far too long 
swung preponderantly to the side of 
the turbopump liquid propellant en- 
gine. Our objective here is to give 
the pendulum a push in the other 
direction. 

Liquid fuel engines are very com- 
plex mechanical devices, and require 
very high reliability of a great num- 
ber of components which must work in 
series to achieve reliable system per- 
formance. Even though the reliability 
of individual components may be high, 
the series reliability of a great number 
of such components results in a much 
lower probability of success than is 
acceptable in most missiles. There is 
no rebuttal to this argument other 
than an actual demonstration of liquid 
engine reliability. The tremendous 
effort that has gone into liquid engine 
development in the past has nonethe- 
less failed to produce such a demon- 
stration. 


Army’s Satellite 


W. H. Pickering, director of the Jet 
Propulsion Laboratory, California In- 
stitute of Technology, holds the 20-lb 
satellite the Army hopes to launch 
from a Jupiter-C rocket early this 
year. The laboratory is building the 
satellite for the Army. 


The reliability of large liquid engine 
missiles is a matter of common knowl- 
edge to those who read the news- 
papers. If you are a collector of such 
statistics, compare them to the record 
of the largest solid engine powered 
missiles yet flight tested. In 40 flights 
of experimental missiles, there has 
been one failure partially attributable 
to the engine, and this was caused by 
a very simple and easily corrected 
defect in the material of the pressure 
vessel, 


Defects of Turbopump System 


Acceptable high performance in 
liquid engine systems can be attained 
only by the turbopump system. Un- 
reliability and difficulty of starting are 
inherent in this system, and for these 
reasons the system is not readily adapt- 
able either to staging or chuistering. 
The reliability of a single liquid engine 
is so low that even the most optimistic 
may quail at the idea of grouping 
more than a few turbopump systems 
together into a clustered stage.  Ig- 
nition during flight, especially in a 
high vacuum and at zero acceleration, 
seems to impose Herculean problems 
that have eliminated the turbopump 
system from consideration as a second 
or subsequent stage in most missile 
systems. 

On the other hand, the reliability 
and ease of ignition of solid rocket 
engines have resulted in the common 
practice of clustering “off-the-shelf” 
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Shooting the Moon 


Tagged ROTI (Recording Optical 
Tracking Instrument), Perkin-Elmer’s 
new telescopic camera (left) has 
taken pictures of the moon (center) 
that, in effect, bring the viewer to 
within 250 miles of the lunar surface. 
Essentially a high speed, 70 mm cam- 
era mounted behind an 8-ft telescope, 
the system was developed for Air 


units to provide stage requirements 
for a particular missile system. Many 
rockets with three or more stages have 
been fired at high velocities and high 
altitudes, and ignition problems or un- 
balanced thrust have caused no diffi- 
culty. 


Attainment of High Thrust 


The biggest shot (20 megaton!) of 
our counterattack has been saved for 
the greatest inherent deficiency of the 
liquid fuel turbopump system: _ Its 
inherent poor capability for attainment 
of high thrust. Scale-up of the turbo- 
pump combustor systems is such a 
vast problem that we do not have in 
this country today a liquid engine 
capable of meeting thrust requirements 
of some of the large missiles without 
clustering. The problems encountered 
in scale-up to higher thrust are so 
tremendous that even the hundreds of 
millions of dollars spent in the past on 
liquid engine development have not 
left us in a position to make a re- 
liable estimate of what it would cost 
to double the thrust output of our 
largest system. When larger thrusts 
are needed, this problem can be ap- 
proached only from the standpoint of 
clustering a number of combustors into 
a single stage, with the inherent lack of 
reliability, high cost and high weight 
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Force use in tracking long-range mis- 
siles. The first unit is now undergo- 
ing preacceptance tests at Melbourne 
Beach, Fla., about 15 miles south of 
the Air Force Missile Test Center on 


Cape Canaveral. A second unit will 


be installed at Vero Beach, Fla. 
The other unit (right) is the 600-in. 


penalties for interconnecting and con- 
trol devices. 

Although solid engines can be clus- 
tered with a high degree of reliability, 
attainment of high thrust from a single 
solid engine is entirely feasible, and, 
in fact, is the only way that high 
thrust can be obtained to lift the very 
heavy loads that will be involved in 
space travel. Although it is not the 
intention of this article to design a 
space ship, it might be advisable to 
examine some of these loads to de- 
velop some feeling of the magnitudes 
involved. 

If we examine the current capa- 
bilities of rocket systems based on 
chemical fuel operation, we come to 
the conclusion that escape velocities 
can be attained at a certain linear ratio 
between payload and missile take-off 
weight. This linear ratio is dependent 
upon the quality of the rockets and 
the state of the art at the time the 
missile propulsion system is designed. 
Currently, this ratio may be some place 
between 100 and 2000 to one, but we 
might take a reasonably optimistic 
view and assume that it can be ac- 
complished with a ratio of 1000 to one. 
If we choose to send a manned vehicle 
around the moon and to return the 
occupant alive by an elliptical break- 
ing glide path into and out of the 
earth’s atmosphere, it seems unlikely 


add to scientist’s knowledge of the moon. 


radar telescope that radar astronomers 
at the Naval Research Laboratory are 
using to measure distance from earth 
to moon. The astronomers accom- 
plish this by bouncing high frequency 
radar signals off the surface of the 
moon and measuring the time the 
signals take to reach the moon and 
return. 


that this could be accomplished with 
a payload weight of less than 4000 Ib. 
Applying our linear factor, it would be 
necessary for the take-off weight of 
the missile to be at least 4 million Jb at 
the time of launching. 

Now let us examine the capabili- 
ties of a solid engine to furnish the 
first-stage thrust necessary to lift such 
a load, 


Scale-Up of Existing Rocket 


Starting our scale-up with an exist- 
ing rocket, let us consider the XM19 
(Recruit), used as the second and 
third stages of the Lockheed X-17. 
The Recruit rocket is not an optimum 
design to scale up for such space 
vehicle propulsion requirements since 
it was originally designed for a single 
function, i.e., accelerating an aero- 
dynamic test vehicle to extreme veloci- 
ties in dense atmosphere. The re- 
quirement for thrust-to-diameter ratio 
was extremely high to overcome drag 
forces. 

On the other hand, the Recruit 
rocket is indeed a high-performance 
rocket and is not at all a bad candi- 
date for scale-up to first stage for such 
a space vehicle. The complete per- 
formance characteristics of the Recruit 
are still classified, but we can examine 
three parameters: 
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Diameter 9 in. 
Weight 350 Ib (approx. ) 
Thrust 35,000 Ib ( approx. ) 


This rocket, like any other solid 
propellant rocket, is susceptible to 
linear scale-up, and a very simple set 
of equations can be used to predict 
various performance parameters with 
reasonable accuracy. 


Burning Time and Thrust Duration 


If we scale up any solid propellant 
rocket by a linear scale factor of S 
from Size A to Size B, the duration 
bears a linear relationship to scale fac- 
tor of the duration of Rocket B equals 
S times the duration of Rocket A. 


Thrust 


In scale-up, propellant composition, 
operating pressure, burning rate and 
density are all held constant. The 
thrust will therefore be in direct pro- 
portion to the burning surface. There- 
fore, the following equation holds: 


Thrust of Rocket B = S? x the 
thrust of Rocket A. 


Weight and Total Impulse 


Since the weight of the rocket en- 
gine and the total impulse of the en- 
gine bears a direct relationship to vol- 
ume, the following equation will hold: 


Weight or Total Impulse of Rocket 
B = S* x weight or total impulse of 
Rocket A. 


Thrust-to-Weight Ratio 


The two above equations can be 
combined to show thrust-to- 
weight ratio scales as one over the 
linear scale factor. In other words: 


: f Rocket A 
: of Roc et J 


Now we have enough information to 
scale up the Recruit rocket to furnish 
an engine for a large size stage. We 
note that the thrust-to-weight ratio of 
the Recruit is 100. Let us then scale 
up the Recruit by a linear scale factor 
of 50 to a thrust-to-weight ratio of 2, 
a value adequate to start a large 
missile on its trajectory towards space. 
The thrust of such a rocket will be: 
35,000 « 50? or 87,500,000 Ib. The 
weight of such a rocket will be: 350 
lb x 50% or 43,000,800 Ib. 

This, we note, is 10 times the weight 
required for the 4000-Ib payload we 
assumed earlier. Now we can send 
the designer back to the board to in- 
corporate additional protection and 
safety devices for the crew we expect 
to send around the moon. With the 
additional 36,000-lb weight allowance, 
we might even include another rocket 
stage to assist in canceling part of the 
velocity of the vehicle at the time of 
return to earth. 


The manufacturing techniques in- 
volved in making such a rocket are 
quite straightforward, and most of the 
problems have already been solved. 
Like the casting of a concrete dam, 
such a rocket can be made by casting 
into place successive batches of com- 
posite propellant, each one on top of 
the preceding one. An examination of 
the physical characteristics attainable 
in current propellants leaves us with 
adequate assurances that such a 
charge could support its own weight 
against the proposed acceleration, 
with safety factors that are entirely 
adequate to assure proper perfor- 
mance. The Recruit rocket scaled up 
for this example is by no means taken 
as the optimum design for such calcu- 
lation. Even better capabilities are 
available, if required. 

Previously a very important figure 
was used—the guesstimated ratio of 
take-off weight to payload for an 
escape velocity missile. This figure 
is strongly dependent upon power- 
plant performance. A feeling for the 
magnitude of this effect may be gained 
by some very simple calculations. 
For any rocket operating in a “g’-free, 
drag-free environment, the velocity 
per stage at stage burnout may be 
calculated by 


Ww 
V= I,) X 32.2 log, W, 
where I,, is the fuel specific impulse, 
and W, and Wz are the initial and 
final weights of the stage. If there 
were no atmospheric drag and if we 
could burn all our rocket stages in 
a very short time, we would need to 
calculate v = 37,000 fps for the sum 
of the stages. To allow some surplus 
“V” to compensate for atmospheric 
drag and the action of gravity during 
burning, a theoretical “V” of around 
40,000 fps should be a goal. 

The table on page 41 shows theo- 
retical attainable velocities with vari- 
ous assumed engine performance 
parameters. Calculations were made 
on the basis of a stage load ratio of 
1:4, i.e., the operating rocket engine 
at the start of operation weighs four 
times the weight it carries. 


Higher Energy Fuels 


The ratio of take-off weight to pay- 
load attained in Vehicle III is indeed 
attractive, but probably well beyond 
the reach of propellants (solid or 
liquid) based exclusively on a carbon- 
hydrogen-oxygen propellant system. 
Fortunately, a provident nature has 
furnished us with a number of choices 
of materials with more energy than 
petroleum hydrocarbons. It is also 
a notable fact that the great pre- 
ponderance of such materials occur in 
the solid form! It is quite probable 


that even the free radical fuels—the 
next step towards higher energy—will 
be stable only in a highly deactivated 
state. Such a probability implies that 
free radical fuels, if usable in a rocket, 
will be usable only as solids. 

Perhaps as this is being written, a 
20th Century Einstein is completing 
the final phases of unified field theory, 
and we will then be able to create 
force without the need tc squirt mass 
backwards. We can then bring to 
bear the great potential of our atomic 
powerplants. 

In the meantime, the conquest of 
space depends upon solid propellants. 


ABMA Recruiting Civilians 


The Army Ballistic Missile Agency 
at Huntsville, Ala., has begun recruit- 
ment of 400 additional civilian em- 
ployes. The Agency now employs 
4100 Civil Service personnel, engaged 
in completing the weaponization of 
the Redstone ballistic missile system 
and in developing the Jupiter inter- 
mediate range ballistic missile. Ap- 
proximately 800 military personnel are 
also assigned to the Agency. 

Among the categories of skills de- 
sired are: Engineers, physicists, 
mathematicians, equipment specialists, 
accountants, draftsmen and procure- 
ment analysts. 


French Announce Three 
New Research Rockets 


The French Ministry of National 
Defense has announced the successful 
firing of three new high-altitude re- 
search rockets, the Veronique, Monica 
IV and Monica V. 

According to the communique, the 
improved Veronique can now Carry a 
120-lb payload to 130 miles, or ap- 
proximately 90 miles higher than the 
older version. Other specifications of 
the vehicle: Take-off weight, 3000 
Ib; length, 23 ft; diameter, 29 in.; 
span, 44 ft; maximum altitude, 135 
miles; speed (at 20 miles), 43,000 
mph; payload space, 4.6 cu ft (enough 
to carry small animals). 

Monica IV, says the Ministry, will 
carry a 33-lb payload to an altitude 
of 50 miles. Its specifications: Weight, 
270 lb; length, 17 ft 7 in.; diameter, 
6.3 in.; maximum altitude, 100 miles; 
maximum velocity, 3500 mph. 

Monica V reportedly will carry the 
same payload to an altitude of 100 
miles. Specifications: Weight, 340 
Ib; length, 20 ft 6 in.; diameter, 6.3 
in.; maximum velocity, 3500 mph. 

Designed primarily as research rock- 
ets, the Monicas could be easily con- 
verted to antiaircraft rockets compar- 
able to the U. S. Nike. 
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Swedish Engineer Sees Danger from Moon H-Blasts 


HEN SPACE scientists gathered 

at Barcelona last fall for the 
Eighth International Astronautical 
Congress, they expected to hear some 
rather revolutionary concepts pro- 
posed. S. Fred Singer, professor of 
physics at the University of Maryland, 
didn’t disappoint them. He suggested 
the moon be used as a target for inter- 
planetary ballistic missiles tipped with 
H-bombs. 

This is going too far, warns Swe- 
dish engineer Robert Engstrom. He 
notes there is a risk that such a move 
would sink the earth under a tre- 
mendous tidal deluge. While it is 
strictly theoretical at this point, the 
risk, because of its ominous conse- 
quences, merits intensive study before 
anyone tries to bomb the moon, Eng- 
strom points out. 

Laudable as Dr. Singer's aims are— 
“such explosions. . .can tell us a great 
deal about the environment of the 
earth, the properties of the inter- 
planetary medium and general 
deepen our understanding about the 
nature of the universe’—Engstrém 
feels he has not adequately accounted 
for the laws of celestial mechanics. 

“According to these Jaws,” Eng- 
strom writes, “angular momentum is 
indestructible. Thus, the total 
amount of angular momentum of 
the earth-moon system remains un- 
changed, whatever the details of this 
motion. If the earth’s rotation con- 
tinually is braked by tidal friction, its 
angular momentum diminishes. To 
keep the total unchanged, the moon 
must then increase its angular mo- 
mentum, and continually recede from 
the earth, since its angular momentum, 
i.e., mass X velocity < distance from 
the earth, increases with the square 
root of the distance. 


Similar to Tidal Friction 


“If an H-bomb were exploded on 
the moon, the recoil would move the 
moon away from the earth, increase 
its angular momentum and force the 
earth to decrease its angular momen- 
tum. In effect, it would act similarly 
to tidal friction. But there is one 
difference. Now it is the earth which 
has to regulate its angular momentum 
relative to that of the moon, and it 
must do it fast. 

“A nominal H-bomb at 20 megatons 
TNT releases 8.6 x 10% kilogram- 
meters of energy. Tidal friction is 
estimated to be 1.5 x 10!! kgm/s. 
Most of this energy is dissipated into 
heat, but 3.65 per cent, or 4.73 X 101 
kgm/day, is used to move the moon 
away from the earth and keep the 
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total angular momentum unchanged. 
Thus, considering energy distribution 
and efficiency, a 20-megaton H-bomb 
would immediately increase the angu- 
lar momentum of the moon as much 
as normal tidal friction does in a day.” 


Might Result in Deluge 


If tidal waves had to brake such 
energy in a few seconds, says Eng- 
strom, the result would be a mighty 
deluge on earth. 

If this assumption about angular 
momentum is correct, then Foucault’s 
pendulum (at the poles) should make 
one turn per sidereal day, he con- 
tinues. On the other hand, according 
to ordinary mechanical laws, the pen- 
dulum must turn 360 deg per solar 
day, not per sidereal day. 

“The difference between solar and 
sidereal time is 0.3 per cent,” he notes. 
“During the last 50 years, no preci- 


Sound Suppressors for 
Jet Engines Tested 


Metal mock-up of a combination noise 
suppressor and thrust reverser de- 
signed by Douglas for the DC-8. 
When pneumatically retracted, the 
two sections of the clam-shell reverser 
return to the normal flight position 
flush with the engine pod. 


Encouraging results are reported by 
Douglas Aircraft Co. in its top pri- 
ority program of developing a jet en- 
gine sound suppressor for the DC-8 
jetliner. Over 3000 tests have been 
conducted to measure the effect of 
combinations and modifications of 
three fundamental suppression meth- 
ods. 

Jet noise is controlled by including 
a mixing of the jet stream with the 


sion tests have been made with Fou- 
cault’s pendulum, and earlier tests 
agree only to an error of about | per 
cent. Then there is the problem of 
what absolute and relative rotation 
means from an energy point of view, 
The whole relativity theory is based 
on the Michelson-Morley experiment, 
which only considers translatory mo- 
tions. 

“If Foucault’s pendulum turns ac- 
cording to sidereal time, this would 
mean that an H-bomb explosion on the 
moon would most certainly result in 
a deluge on the earth, but, if it turns 
according to solar time, the explosion 
will probably cause no reaction what- 
soever in the oceans, or a minimal 
reaction.” 

In any case, urges Engstrom, some 
scientific center should deliberate upon 
the risk of a deluge before anyone 
sends the first nuclear bomb to the 
moon. 


surrounding air so that the speed 
gradient is less violent. Three basic 
methods to accomplish mixing are: 
(1) Replacing the single large nozzle 
with a group of smaller ones; (2) 
interrupting the uniformity of the ex- 
haust stream by revising the nozzle 
shape; and (3) adding an ejector tube 
around the nozzle so that the exhaust 
itself will become the core of a rap- 
idly moving cold air stream. 

Significant gains have been achieved 
by combining elements of these meth- 
ods. One design uses flaps around 
the jet nozzle to diminish noise at 
take-off, and a clam-shell device to 
reverse thrust after landing. While 
much of the development test pro- 
gram has been conducted with 10 and 
20 per cent scale models, a number 
of full-scale models are under test to 
develop and prove satisfactory endur- 
ance and reliability. 


J-75 Passes Navy Tests 


The Pratt & Whitney nonafter- 
burning J-75 turbojet engine has met 
or exceeded all of the company’s per- 
formance estimates, as well as per- 
formance guarantees, during tests at 
the Naval Air Turbine Test Station, 
Trenton, N. J. The J-75 has been 
announced as the powerplant for the 
AF Republic F-105 and Convair F-106 
fighter-interceptor types and _ the 
Navy’s Martin P6M Seamaster. 
Thrust of the engine as initially quali- 
fied has been revealed as 15,000 Ib, a 
figure greatly augmented by use of an 
afterburner in military configurations. 


F 
{ ( 
0 
tl 
\ 
f 


First Satellite Results 


(CONTINUED FROM PAGE 50 ) 


Nevertheless, they add, on the basis 
of their observations and calculations, 
they “feel confident to assume” that 
Alpha 1 is of a shape and empty 
weight that corresponds closely to the 
Soviet single-stage, liquid propellant 
rocket T-1 (M-101), assuming that a 
forward section of the rocket shell was 
blown away to free the satellite proper. 

The T-1 is an improved version of 
the old German A4, better known as 
the V-2. While the exact specifica- 
tions of the T-1 are not known, those 
of the V-2 are. It was 5 ft 5 in. across, 
46 ft long and had an empty weight 
of approximately 6600 Ibs. The 
Smithsonian and NRL scientists “fur- 
ther assume” that Beta is almost iden- 
tical to Alpha | in size and shape. 

Indicated cross-sectional area of 
Alpha 1 and Beta is from 200 to 800 
sq ft, while weight is estimated at 
2000 to 8000 lb. These basic limits 
are agreed upon by scientists at both 
the Smithsonian and NRL observa- 
tories, and the T-1 falls within these 
limits. 

Actually, the size and shape of the 
Soviet satellites are of only secondary 
importance to the scientists. They are 
more interested in what the vehicles 
can tell them about the upper atmos- 
phere, on which there is so little direct 
evidence. Here, particularly in regard 
to atmospheric density, they believe 
the satellite can prove of great value. 
(For exact derivation of density fig- 
ures, of course, it is necessary to 
know, among other things, the size. 
shape and weight of the vehicles. ) 

The scientists at the Observatory 
and NRL have now made preliminary 
calculations of atmospheric density at 
220 and 233 km using ground-based 
radio, visual and photographic obser- 
vations of Alpha 1, Alpha 2, and Beta. 
Again they stress that their results 
are tentative and based partly on as- 
sumption. And again, their results are 
interesting and somewhat suprising, 
indicating that the densities at these 
altitudes are higher than had been 
thought previously. 

Actually, the work of the satellite 
trackers is just beginning. As more 
sightings are made and as techniques 
and equipment are improved, more 
exact information will become avail- 
able and more accurate computations 
will follow. But as far as the scien- 
tists at the Smithsonian Astrophysical 
Observatory and at the Naval Re- 
search Laboratory are concerned, it 
has been a good albeit somewhat hec- 
tic beginning. And sitting on the edge 
of space, these satellite scientists have 
had little time or inclination to regret 
their lost sleep. 
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USCM’s TAPERING TANK: Chemicals hit the high spots. 


Chemical Milling Goes Underground 


Chemical milling, the controlled removal of metal by 
chemicals, (see Jet Proputsion, April 1957, p. 425) is 
catching on in the aircraft and missile business in a big 


Way. 


Latest unit to go on stream is United States Chemical 
Milling Corp.’s (Manhattan Beach, Calif.) new taper- 
ing tank which was developed to meet the increasing 
demand for extremely long tapered structures designed 


for advanced aircraft. 


The tank, which extends 60 ft 


underground, is capable of handling parts up to 55 ft 
long and 11 ft across. 


U. S. to Build Big 
Wyoming Missile Base 


The Defense Department has an- 
nounced that it intends to spend $65 
million on the construction of a huge 
new missile site at Francis E. Warren 
AFB, near Cheyenne, Wyo. 

Air Training Command_ technical 


schools now located at the base will 
be phased out as construction begins 
next June, and jurisdiction of the base 
will be transferred from Air Training 
Command to Air Research and De- 
velopment Command. It is estimated 
that 4000 to 5000 personnel will be 
required to operate the new missile 
facility. 
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from the patent office 


Feeding System for Liquid Propellant Rocket 


Space and weight limitations on 
small artillery rockets require that the 
scheme used for feeding propellants 
to the combustion chamber be simple, 
light and of minimum displacement. 
To attain maximum range, all space 
not occupied by the warhead and the 
motor must be used for propellant. 

A desirable system for feeding pro- 
pellant is one which rapidly applies a 
large amount of energy to deliver pro- 
pellant to the injectors. Heavy tur- 
bine-driven pumps are used for this 
purpose in large rockets, but are un- 
suitable in small rockets because of 
their weight. Also, in large rockets it 
has been feasible to store energy in 
the form of highly-compressed gases 
which, upon release, pressurize the in- 
terior of the propellant tanks to force 
the contents into the combustion 
chamber. However, storage of gases 
at high pressure necessitates the use of 
heavy containers which have no ca- 
pacity for holding propellant, and rep- 
resent waste space in the missile. 

This invention contemplates use of 
limited amounts of the energy in the 
propellants to pressurize and_ force 
them into the combustion chamber. 


Artillery rocket features compact 
liquid propellant feeding system. 
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By timely combination of the propel- 
lants in limited amounts, and under 
controlled conditions, the energy is 
quickly released when pressurization 
is required, and the propellants are 
stored at pressures low enough not to 
require increased tank wall thickness. 

Propellants are contained in a cylin- 
drical tank and in a bag within the 
tank. A wide variety of liquid propel- 
lants may be used of which a typical 
combination would be white fuming 
nitric acid and turpentine. The pro- 
pellant combination may be _ hyper- 
golic, i.e., self-igniting at ambient tem- 
perature and pressure upon contact or 
mixture, or it may require separate 
ignition. 

The bag may be made of polytri- 
fluoromonochloroethylene (trade name 
“Kel-F”), which is particularly suited 
to contain the more active of the pro- 
pellant pair chosen. For instance, in 
the case of turpentine and white fum- 
ing nitric acid, it is expedient to con- 
tain the acid in the bag. Stainless 
steel or other corrosion-resistant mate- 
rials may also be used as bag mate- 
rials, depending on corrosive charac- 
teristics of the propellants. 

In operation, the bag is filled with 
one of the propellants. The cylinder 
is filled with fluid hypergolic with the 
propellant. When the missile is ready 
for firing, electrical current is applied, 
and a powder charge in the chamber 
is detonated by ignition of the heating 
element. Detonation causes move- 
ment of a piston which forces fluid 
through a conduit, rupturing a dia- 
phragm in the injector. Ignition oc- 
curs on contact of fluid with the pro- 
pellant. The tank therefore becomes 
pressurized and the same pressure is 
transmitted to the fluid. Propellants 
flow through the injector, and the mo- 
tor may be fired either by spontaneous 
combustion or by a separate firing 
system. 

An advantage of this arrangement 
for containing the two propellants is 
that the bag may be sealed before as- 
sembly of the rocket. This permits 
storage of the missile in ready condi- 
tion for extended periods without dan- 
ger of leakage or combustion because 
of intermixture propellants. 


Liquid propellant rocket (2,789,- 
505). J. M. Cumming, G. P. Sutton, 
V. R. Vorwerk, D. B. Harmon and 
C. A. Villiers, assignors to North 
American Aviation. 


BY GEORGE F. McLAUGHLIN 


Adjustable rocket launcher varies 
area and concentration of fire. 


Rocket Launching Unit 
Fires Patterned Salvo 


Ground defense against air attack 
involves placement of antiaircraft bat- 
teries in and around a target area, 
Despite extensive AA fire from con- 
ventional weapons, attacking planes 
are able to penetrate the defenses by 
employing evasive action, even where 
fire is controlled by radar. 

The launcher described here is de- 
signed to fire a salvo of rockets in a 
fire pattern of such concentration that 
the effectiveness of evasive maneuver- 
ing will be minimized. In this device, 
launching tubes may be directed as a 
unit and adjusted to vary the pattern 
area to meet different formations of 
attacking aircraft. 

The adjustable plate for the launch- 
ing tubes consists of a base which sup- 
ports a plate riding on ball bearings 
and rotated by a gear train. The plate 
may be selectively tilted from the 
horizontal by a pivot-mounted hydrau- 
lic piston. The bottom ends of rocket 
tubes are pivotally secured to the 
plate, a fixed central rocket tube is 
secured to the plate, and lazy-tongs 
coupled to and interconnecting the 
tubes permit guides to swing through 
a plurality of arcs. Guide actuating 
means carried in the base plate consist 
of a shaft journaled to the base and a 
pair of spacers coupled to one of the 
lazy-tongs. Gears coupled to the shaft 
and connected to the spacers transmit 
motion to the guides. 

The inventor claims a devastating 
barrage may be directed against at- 
tacking aircraft by use of the launcher. 
Impregnable defensive fire is effected 
if rockets from which cables are sus- 
pended are fired. The device can be 
readily anchored to the ground or to 
the deck of a ship. 


Rocket launching device (2,807,- 


194). Bruno Cammin-Christy, New 
York, N. Y. 
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lacrosse Maintenance Unit 
Undergoes Test Training 


The first Lacrosse guided missile 
maintenance unit is undergoing test 
training at the U. S. Army Ordnance 
Guided Missile School, Huntsville, 
Ala. Known as the 572 Ordnance 
Detachment (Guided Missile Direct 
Support, Lacrosse), with an authorized 
strength of 30, the unit is being used 
as a pilot for future outfits of this type. 
The 572 is serving to develop a 
recommended course of instruction for 
Lacrosse support units at OGMS. In 
addition to the Lacrosse, the school 
offers Nike, Corporal and Redstone 
courses. 


Regulus Il Gets Rocket Assist 


Moving another step closer to fleet 
operation, the Navy’s Regulus II re- 
cently underwent its first test firing 
using a rocket booster. The test took 
place at Edwards AFB, and, accord- 
ing to the Navy, the Mach 2 missile 
came through with flying colors. The 
vehicle was recovered and will be 
used again. 


Haley to Address AMA 


Andrew G. Haley, general counsel 
of the AMERICAN RocKET SocIETY 
and president of the International 
Astronautical Federation, will address 
a conference of the American Manage- 
ment Assn. at the Biltmore Hotel in 
New York City on Feb. 21. His topic 
will be “The Commercial Implications 
of Missiles, Satellites and Space Ships.” 


Sky Light 


On Nov. 26, a cloud of sodium 
vapor was released from an Aerobee- 
Hi at an altitude of 80 miles above 
Alamogordo, N. M., lighting up a 
large area of the pre-dawn sky in the 
southwest. 

An extension of the work being car- 
ried on by the Photochemistry Labora- 
tory of the Air Force Cambridge Re- 
search Center since 1955 (December 
1957, Astronautics, page 28), this 
particular experiment was part of Op- 
eration Smoke Puff. It was designed 
to demonstrate that an ion cloud could 
be artificially catalyzed, and that radio 
signals could be bounced off this cloud 
in the same way they are bounced off 
natural agglomerations of ions in the 
ionosphere. 

The significance of this artificially 
catalyzed signal reflector, of course, 
lies in its controllability. In effect, it 
means that man will soon be able to 
set up his own “natural” relay stations 
where and when desired. 


FIFTY-FIVE 
DEMONSTRATION EQUATIONS 
SOLVED BY 


ENGINEER’S 
COMPUTER” 


Litton DicitaL DIFFERENTIAL ANALYZERS are designed to solve, with a minimum 
of programming effort, those problems generally arising in the fields of engineering 
and mathematics. The remarkable insight you obtain with these accurate, versatile 
incremental computers is an experience reported to us again and again. Insight into 
the problem stems partly from your own programming, partly from the continuous 
rapport you have with the problem as your uniquely personal mathematical tool 
solves for you. The Litton DDA plugs into any standard 110-volt outlet. You need 
only a few hours of coaching from us to grasp the programming for — 


Solution of linear and non-linear differential equa Jacobi Elliptic Functions, Sturm-Liouville Equa 

tions including those containing transcendental tion, Hypergeometric Function, and Legendre 

functions. Functions 

Solution of algebraic and differential equations in Performance of logical switching functions, suct 

complex variables, including conformal mapping as introduction of step functions, ramp functions, 

Simulation of non-linear dynamical systems. limiting, and mode of operation switching 
Multiplication and division of variables, etc., etc 

Generation of any standard algebraic, trigono i 

metric, or inverse trigonometric function. CAPACITY: Model 20—20 Digital Integrators 

Model 40—40 Digital Integrators 


Generation of the special functions of mathe 
matical physics which can be expressed as solu 
tions of differential equations. These include the 


ACCURACY: Up to 1 part in 2'’ (to 5 decimals) 
COST: Model 20, $12,800 — Model 40, $16,800 


LITTON INDUSTRIES 


ELECTRONIC EQUIPMENTS DIVISION 
336 North Foothill Road + Beverly Hills, California 


LITTON 20 & LITTON 40 DIGITAL DIFFERENTIAL ANALYZER 


LITTON GRAPH PLOTTER 


LITTON GRAPH 


PLOTTER/ FOLLOWER LITTON PAPER TAPE PUNCH/READER LITTON DIGITAL TO ANALOG CONVE RIER 


r 
| | 
| Please send me, without obligation, specifications on the Litton | 
| 20 & 40 DDA 5s, plus a tabulation of 55 demonstration equations. | 
; SEND | 
| Name | 
| COUPON | 
| Company | 
TO DAY! Street 
| City Zone State | 
| | 
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The question is no longer whether 
or not Russia has an ICBM. Rather, 
it is: “How is this country to defend 
itself against a 15,000 mph _ missile 
carrying a nuclear warhead?” 

One answer—and presently the only 
apparently workable answer—is re- 
taliation, say top military leaders. 
Still ICBM shy, the U. S. has the in- 
termediate range Jupiter and Thor 
with which to face down the Soviet. 
These weapons will soon be coming 
off production lines, and, by the time 
the first IRBM unit is operational, the 
U. S. is expected to have concluded 
agreements with France and_ other 
European countries for IRBM_ bases. 
Then, of course, there is the Strategic 
Air Command with its nuclear retalia- 
tory powers. 

But retaliation can give little com- 
fort to citizens in prime target areas 
or, for that matter, to the military with 
their need for home supply bases and 
uninterrupted production. Retaliatory 
power is insufficient. There is—and 
without question—a need for an ade- 
quate defense against the ICBM. 
And the big push is now on in this 
country for such a defense—the anti- 
missile missile. 


Three to Make Ready 


The first weapon to be mentioned 
in this regard was the Army’s Nike- 
Zeus, under development by Douglas 
Aircraft and Western Electric. More 
recently, there was the official an- 
nouncement of the Air Force’s Wizard 
with Convair and Radio Corp. of 
America as the major contractors. 
And, reportedly, there is another AF 
anti-missile program, still unnamed, 
under the aegis of Boeing, General 
Electric and Ramo-Woolridge. 

The Army figures its program is far- 
ther along than the others and has 
estimated that it could have the 
weapon ready by 1961 provided it 
could get a budget allotment of $6 
billion. The AF has taken exception 
to the Army plan, questions the fact 
that the Army program is far enough 
along to warrant that great an ex- 
penditure. 

No decision has been made as to 
which of the three programs will be 
carried through to production, and 
none is expected for some time. 
Moreover, to end interservice rivalry 
and facilitate development of the anti- 
missile weapon, both the Zeus and 
Wizard will be placed under a single 
manager—the first projects to be 
placed under this new concept in mis- 
sile management. When the resultant 
anti-missile weapon has ___ passed 
through R&D phases, it will be turned 
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Push Coming on Development of Anti-Missile Missile 


over to the military service that will 
operate it. 

All three anti-missile missile pro- 
grams now in the works actually date 
back several years. Representative 
Gerald R. Ford Jr. (R., Mich.) re- 
cently revealed that the U. S. had al- 
ready spent more than $50 million on 
AMM development, and contracts for 
such work are being awarded almost 
every day. 

Only recently for example, Western 
Electric Co. received a $5 million 
award for continued development 
work on the Army’s Nike-Zeus pro- 
gram . 


In Advanced Study Stage 


All of these programs are said to be 
in an advanced study stage, although 
a good deal of the hardware which 
could be used in them already exists. 
Some Pentagon planners feel that an 
all-out push could produce operational 
AMM'’s, capable of destroying ICBM’s 
with ranges up to 5,500 miles, as 
quickly as Russia could produce the 
long-range weapons. 

Most Defense Dept. officials, how- 
ever, are not so optimistic, although 
the feeling is growing that ICBM’s 
may not be as difficult to bring down 
as was originally anticipated. 

The reason may be found in the 
very nature of the ballistic trajectory, 
which is unvariable and can be com- 
puted quickly and easily. It is now 


British Missile Industry 
Moves into High Gear 


Britain is heavily engaged in pro- 
viding the R.A.F. with its final gen- 
eration of manned aircraft, the super- 
sonic P.1 interceptor and the Victor 
and Vulcan heavy bombers with their 
“stand-off flying bombs—the  inter- 
mediate stage to an all-missile force. 

Meanwhile, the main weight of the 
military research and production effort 
has been transferred to the large-scale 
guided weapons program upon which 
the industry has now embarked to 
meet the future needs not only of the 
R.A.F., but also of the Army and 
Royal Navy. 

Wide collaboration is needed to 
produce highly complex pieces of 
mechanism, such as the Bloodhound 
and Thunderbird missiles, and the 
Seaslug, a robot anti-aircraft weapon. 
Armstrong Whitworth Aircraft Ltd. is 
“coordinating contractor,” while nine 
other companies, including Sperry 
Gyroscope and General Electric, are 
closely associated in the development 
of this weapon system. 


felt that the best way to intercept and 
destroy an ICBM is by firing an AMM. 
flying in the opposite direction to it, 
into the same trajectory the ICBM js 
flying. 

Since a warhead flying a_ ballistic 
trajectory is unguided and fixed, the 
problem of interception is not as com- 
plicated as it would be if it were con- 
trolled. Also, a direct hit would not 
be necessary. As the AMM would 
carry an atomic warhead, it could de- 
stroy the ICBM, either by collision, 
with debris from the blast or with heat. 

Even so, “kill” expectancy would be 
low. Guidance would have to be ex- 
tremely accurate and the problem of 
firing the AMM into the same trajec- 
tory as the ICBM would _ probably 
necessitate use of a multitude of 
launching sites. 

Effectiveness of such counter- 
weapon would, of course, depend ona 
highly efficient long-range radar sys- 
tem, capable of tracking an ICBM over 
distances of 5,000 miles or more. 
While the new radar developed at 
Columbia University (see October 
ASTRONAUTICS, page 8) represents a 
step in this direction, a good deal of 
work still remains to be done in this 
field. 

Despite the many difficulties  in- 
volved, there can be little doubt that 
the anti-missile missile will be getting 
a long, hard look in the months that 
lie ahead. 


AIA Film Features Missiles 


To provide the public with guided 
missiles progress, a 26-min film featur- 
ing footage of the pilotless aircraft 
types being built and developed for 
the U. S. Armed Forces has been com- 
pleted by the Aircraft Industries Assn. 
Titled “Men and Missiles,” and_ in- 
tended primarily for use by independ- 
ent T.V. stations, the film traces history 
from the first “pilotless torpedo” of 
1917 to the hypersonic ballistic mis- 
siles now in use. Also included is an 
explanation of the Vanguard earth 
satellite. 


More Matadors to Taiwan 


The Defense Department has an- 
nounced that the USAF guided mis- 
sile unit on Taiwan will be reinforced 
with additional TM-61 Matadors. 
Under the direction of the Tactical 
Air Command and assigned to the 
Pacific Air Force, the new Matadors 
are expected to materially bolster de- 
fense capability of AF units assigned 
to Formosa. 
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inertial Guidance Plant Goes into O 


St. PETERSBURG, FLa.—This city 
where curbs slope gently to the road 
and old people come to retire is going 
through a change of life. Industry is 
moving into the area, bringing with it 
young blood and new vitality. The 
latest facility to open its swinging 
glass doors on a broad palm-studded 
approach apron is Minneapolis-Honey- 
wells new inertial guidance plant. 

Possibly the first plant built exclu- 
sively for the development and manu- 
facture of inertial guidance systems, 
the newly opened facility already has 
$3 million in contracts to keep its 450 
personnel occupied. This does not 
include the inertial guidance work in 
progress at Minneapolis-Honeywell’s 
other Aeronautical Div. facilities. 

In all, the company is supplying 
guidance systems or components for 
20 different rocket and missile pro- 
grams. Among those that can be 
mentioned are the following: Van- 
guard, Titan, Thor, Snark, Sergeant, 
Regulus, Q-4 and Wagtail. 

The guidance units for Vanguard 
and Titan are similar advanced auto- 
pilot reference systems which are es- 
sentially strapped-down inertial plat- 
forms. Wagtail is a new air-to-surface 
missile for which the company is prime 
contractor. Like other ASM’s, Wag- 
tail does not require a guidance sys- 
tem as precise as inertial and so will 
use a more simple gyro setup. 

At present, the St. Petersburg plant 
is equipped to produce five complete 
inertial systems a month. But, accord- 
ing to plant general manager Melvin 
Fedders, the company has already pur- 
chased steel] for a new production fa- 
cility at St. Petersburg on which con- 
struction is expected to start shortly. 

The present $41/, million structure 
occupies only 98,000 sq ft of the 95- 
acre site, which is actually located 
just north of St. Petersburg. De- 
signed and built to be as thoroughly 
shockproof as possible, the facility 
has a number of interesting features. 
For instance, to keep the ground 
around the plant absolutely dry and 
shortstop vibrations (which travel 
more easily in wet soil), the contrac- 
tors cut a big moat or drainage ditch 
into the ground around the plant. 

Minneapolis-Honeywell Regulator 
Co. is betting big on inertial guidance 
because of the system’s long-range ac- 
curacy and independence of external 
guideposts and, hence, resistance to 
jamming. Recent research has un- 
covered an important weakness in the 
system, i.e., the sensitivity of the sys- 
tem’s electronic components to radio- 
activity. But even this can be coun- 
teracted, at least in conditions en- 
countered so far, according to M-H 
engineer George Rusler Jr. 


peratio 


HONEYWELL’S NEW FLORIDA FACILITY: Foolproof missiles from a dust- 
proof, damp-proof, shockproof plant. 


In addition, the company is carrying 
out some rather basic studies con- 
cerned with the application of inertial 
guidance systems to future extrater- 
restial vehicles, and possible use in 
the near future of spinning electrons 
in place of man-made gyroscopes. 


Solids Score High 
On Reliability 


In actual flight tests, Thiokol Chem- 
ical Co.’s large solid propellant motors 
have achieved a reliability record of 
97.5 per cent, according to Thiokol 
president J. W. Crosby. 

Speaking at the formal opening of 
the company’s new Utah Rocket Div. 
outside Brigham City, Crosby pointed 
out that the missile most extensively 
proved in flight tests has been Lock- 
heed’s X-17, the re-entry test vehicle 
developed for the Air Force ICBM 
program. Thiokol developed and pro- 
duced the solid propellant rocket en- 
gines used in all three stages of the 
vehicle. 


Army Chief of Staff Asks 
Halt on Missile Rivalry 


Gen. Maxwell D. Taylor, Army 
Chief of Staff, said in an interview 
late in October that inter-service ri- 
valry in guided missiles has gone far 
enough and the time has come when a 
decision should be made on what type 
of ballistic missiles should be pro- 
duced. 

Gen. Taylor noted that rivalry is 
good up to a point, and that it has kept 
the competing services on their toes. 
However, he went on, it is extremely 
important to determine when the point 
is reached when such rivalry will dis- 
rupt our efforts and reduce effective- 
ness. 

He also called for an even greater 
effort in developing missiles, explain- 
ing that he was referring not only to 


Studies such as these, the firm believes, 
will lead to better guidance systems 
and broader markets. 

As a result, Minneapolis-Honeywell 
foresees a future for its new operation 
almost as bright as the Florida sun- 
shine itself. 


the financial side of missile develop- 
ment, but also to the physical and 
mental effort going into current mis- 
sile programs. 


Radiation Research 
Studies Intensified 


No bonus for nuclear work. That, 
in effect, is the result of a recently 
completed study carried out by the 


Air Research and Development Com- 


mand for the Air Force. 

The study, according to ARDC, 
shows that personnel exposed to radia- 
tion dangers obtain greater satisfac- 
tion from proper clothing and protec- 
tive devices than from extra or “haz- 
ard” pay. The usual practice in in- 
dustry and government, adds ARDC, 
is to provide paid clean-up time and 
company-purchased work clothes for 
those engaged in dangerous or un- 
pleasant work. 

Somewhat afield is another radiation 
study now under way near atomic pile 
sites at Arco, Idaho, and Los Alamos, 
N. M. Boeing Airplane Co. is carry- 
ing out tests at these sites on_ its 
Bomarc IM-99 missile to determine 
what effects nuclear radiation will 
have on transistors used in the vehicle. 

Although the newer guidance sys- 
tems such as inertial platforms are not 
susceptible to jamming, they may have 
an electronic Achilles heel. The pur- 
pose of the present program is to dis- 
cover what effect nuclear radiation has 
on electronic components of guidance 
and control systems and, if there are 
any, what can be done to counteract 
them. 
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new equipment and processes 


Large Environmental Chamber 


One of the largest low-temperature 
environmental test chambers available 
on the West Coast for commercial test- 
ing is in use at the Fullerton plant of 
American Electronics, Inc. Made by 
Moore & Hanks Co., the chamber can 
test packages and units up to 5 tons. 

Inside dimensions of the chamber 
are 21 ft long, 13 ft high and 15 ft 
wide. It has a main access door 9 by 
12 ft and two auxiliary doors 3 by 6 ft. 
A methol alcohol-dry ice heat ex- 
changer system is available which can 
hold the chamber at —95 C with no 
heat load, and at —65 C with a live 
heat load of 300,000 Btu. 


Sealed Switch: A new type of 
switch, hermetically sealed, resistant 
to corrosion and unaffected by high 
ambient pressures, is available for use 
in aircraft, missiles and rockets. A 
balancing system automatically equal- 
izes environmental pressures on the 
actuating mechanism. Switches can 
be furnished with an actuation force 
of either 10 or 32 oz maximum. Hay- 
don Switch, Inc., Waterbury 20, Conn. 


Reducer for Pneumatic Pressure 


Close control of outlet pressure over 
a wide range of inlet pressures and 
outlet flows is a feature of Weston 
pneumatic pressure reducers.  Per- 
formance characteristics of one of the 
many types available are: Inlet pres- 
sure, 3000 psi; rated flow, up to 75 
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Ib/min; outlet pressure, 200 to 2800 
psi; relief presure, 115% of outlet 
pressure; temperature range, —65 to 
180 F. Weston Hydraulics, Ltd., 
10918 Burbank Blvd., North Holly- 
wood, Calif. 


Foil-Type Strain Gages: Four new 
SR-4 rosette strain gages with higher 
sensitivity and stability than previous 
gages are available in quantity. These 
gages, of bonded filament type con- 
struction, need no lateral corrections 
except in the most precise testing 
problems, can withstand temperatures 
as high as 300 F in continuous service, 
and are thinner, more flexible and 
more easily applied than bonded wire 
gages. Electronics & Instrumentation 
Div., Baldwin-Lima-Hamilton Corp., 
Waltham 54, Mass. 


Flush Head Bolts and Driver 


Hi-Torque wrenching recess per- 
nits tighter tightening and easy re- 
moval of fasteners without driver slip- 
page and resulting damage to work. 
The slotted recess permits safe appli- 
cation of the high installation torques 
needed to preload fasteners of the 
highest available test strengths. Stand- 
ard Pressed Steel Co., Jenkintown, Pa. 


Air-Hydraulic Test Stands: Adapt- 
able for both hydrostatic and func- 
tional testing is a line of air-hydraulic 
aircraft test stands. Reciprocating 
pumps deliver hydraulic fluid under 
pressure as required. Pressure is 
maintained under full flow or no-flow 
conditions while the pump is almost 
motionless. When high rate of flow 
under pressure is needed, the unit 
delivers volume as required by de- 
mand. Ledeen Mfg. Co., 3350 No. 
Gilman Rd., El Monte, Calif. 


Straight-Through Control Valve 


A small straight-through, directional 
control valve can be used with pneu- 
matic, most fuel and hydraulic oi] 
systems, and for most liquid or gas- 
eous propellants. It has an operating 
torque of 20 in./lb. Eastern Aircraft 
Products Corp., Orange, N. J. 


Missile Air Tank: Consumable EB 
weld inserts used to join the ends of a 
guided missile air tank helped save 
weight and get x-ray quality welds of 
high strength. The tank, 60 in. long 
by 30 in. diam, has to contain air 
under 300 psi pressure and weigh less 
than 600 Ib. Use of the inserts elimi- 
nates both the need for and the weight 
of back-up rings. In addition, they 
allow welding conveniently from one 
side only. Arcos Corporation, Phila- 
delphia 43, Pa. 


Molybdenum Tubing: Molybdenum 
seamless tubing is now produced by 
cold extrusion methods. Normally, 
molybdenum is hot worked at 2000 F 
or higher, but difficulties result from 
volatile oxide formation above 1300 F. 
Cold extrusion permits precision tol- 
erances after only a few press opera- 
tions. Tubing for specific applica- 
tions is being considered in the diam- 
eter range of 1 to 6 in. Lengths over 
5 ft are feasible and walls from 0.030 
to 0.125 in. have been produced. 

e 

Metal Production: A simple, in- 
expensive way to produce purer hig 
melting point metals has been de- 
veloped at Illinois Institute of Tech- 
nology. The new process produces 
titanium, zirconium, chromium, haf- 
nium, niobium and vanadium directly 
from their oxides. In the new method, 
the oxides of the metals to be pro- 
duced are reacted with aluminum 
under such conditions that complete 
removal of oxygen is accomplished. 
Illinois Institute of Technology, 35 
W. 33 St., Technology Center, Chi- 
cago 16, Il. 
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light Measures Surface Flatness 


An improved monochromatic light 
for measuring flatness is 11 by 14 in. 
in size, with a work stage 10 in. 


square. A heavy duty 9000-v trans- 
former provides an average of 40 fep 
at the diffusing glass. The light head 
may be tilted back and adjusted for 
height, or swung around. Crane 
Packing Co., 6400 Oakton St., Morton 
Grove, Ill. 


Titanium Alloy: Rem-Cru has de- 
veloped a new alloy with high strength 
at normal and elevated temperatures. 
The new bar and forging alloy shows 
promising properties for jet engine 
disks and blades, airframe forgings 
and other parts. The alloy, C-130- 
AMo, has a nominal composition of 
6.5% aluminum and 3.75% molyb- 
dennm. Rem-Cru Titanium, Inc., 
Midland, Pa. 


Adhesive Tape: Pressure sensitive 
self-stick Teflon adhesive tape can be 
readily attached to any metal, glass 
or plastic and most other surfaces. 
The silicone adhesive is available in 
widths up to 2 in. in 36-yd rolls of 
0.006 in. thickness, and 18-yd rolls of 
0.013 in. thickness. Both types can 
also be supplied in 12-in. sheets. Chi- 
cago Gasket Co., 1271 West North 
Ave., Chicago 22, III. 


Motion Picture Missile Camera 


An improved missile camera, the 
Fastax WF-17, records both mechani- 


cal and electrical data on the same 
film. The combination high speed 
motion picture and_ oscillographic 
camera takes 100-ft daylight loading 
spools, and can be used for either pic- 
ture or oscillographic recording inde- 
pendently. Wollensak Optical Co., 
Rochester, N. Y. 
e 

Refractory Cement: CA-9 cement 
will hold metal to metal, glass or 
ceramics at temperatures between 
—420 and 1000 F. The adhesive is 
dielectric and shock-resistant through- 
out its temperature range. The ce- 
ment will attach surface-temperature 
transducers, strain gages and lead 
wires to any guided missile. Charles 
Engelhard, Inc., 850 Passaic Ave., 
East Newark, N. J. 

Dielectric Coil Forms: DuPont 
Mylar thin-wall coil forms have been 
developed as a solution to insulating 
problems where space is limited. Wall 
thicknesses of from 0.002 to 0.010 in. 
can be supplied. The tubes resist 
moisture, solvents and chemicals, have 
high dielectric strength, and will 
neither dry nor become brittle with 
age. Precision Paper Tube Co., 2035 
W. Charleston St., Chicago 44, Ill. 


Rubber and Plastic Parts 


Kotokast, a new concept in form- 
ing rubber and plastic parts and prod- 
ucts for experimental engineering pur- 
poses, has proved effective in the 


fabrication of prototypes. Using 
either plastics, latex or various syn- 
thetic elastomers, the process can 
achieve economies in development 
programs where prototype  experi- 
mentation is desirable before produc- 
tion commitment. Minnesota Rubber 
& Gasket Co., 3630 Wooddale Ave., 
Minneapolis 16, Minn. 


PRODUCT LITERATURE 


Checkout Equipment. The use of 
rapid automatic checkout equipment 
(RACE) for maintenance of weapons 
systems is described in a 6-page pre- 
print. Hours would be needed merely 
to disassemble a missile to get at all 


the subsystems, yet operational sched- 
uling permits only 10 to 30 min for 
live checkout. Automatic instrumen- 
tation is mandatory to reduce the time 
element to practical limits. Micro- 
wave Electronics Div., Sperry Gyro- 
scope Co., Div. of Sperry Rand Corp., 
Great Neck, N. Y. 

Tape Instrumentation. Four kinds 
of Ampex magnetic tape instrumenta- 
tion are described in a 16-page book- 
let—data acquisition, time delay, data 
storage and transfer, and program- 
ming. Details are given on what mag- 
netic tape-recording can do in a di- 
verse collection of applications. In- 
strumentation Div., Ampex Corp., 934 
Charter St., Redwood City, Calif. 

Heat-Resistant Alloys. Titanium 
carbide alloys and their many appli- 
cations in aircraft and missile equip- 
ment are presented in bulletin B-444. 
Illustrated are simple and complex 
shapes that have been used at tem- 
peratures ranging above F. 
Physical properties of 13 different 
Kentanium compositions are tabulated 
and charted to show the effects of 
temperature and time of exposure. 
Kennametal Inc., Latrobe, P: 


a. 

Shock Tester. A brochure describes 
the Hyge shock tester which provides 
for accurate simulation of shock ex- 
perienced by equipment in actual use. 
It is capable of producing thrusts up 
to 12,000 Ib instantaneously and ex- 
actly with precision wave-form con- 
trol. Widely varying accelerating and 
decelerating forces can be applied for 
controlled time periods. Rochester 
Div., Consolidated Electrodynamics 
Corp., 1775 Mt. Read Blvd., Rochester 
3, N. Y. 


Synthetic Lubricants. “Jet Age 
Lubricants,” a manual on the devel- 
opment, testing and application of 
engineered lubricants has re- 
leased. Charts and graphs demon- 
strate the physical properties of An- 
derol lubricants in comparison with 
petroleum lubricants in such factors 
as volatility, oxidation stability, evap- 
oration, etc. Lehigh Chemical Co., 
Chestertown, Md. 


Data Reduction. Brochure 5-03- 
120 details the use of Datatron in 
rapidly reducing to usable form the 
great quantities of raw data obtained 
from mass spectrometer analyses. The 
inversion of a matrix of coefficients 
and the computation of a mixture’s 
per cent composition are  docu- 
mented. Brochure 5-02-110 explains 
how the Millisadic analog-to-digital 
converter is linked to Datatron by 
modifications permitting the computer 
to read and process test data directly 
from the magnetic tape. ElectroData, 
460 Sierra Madre Villa, Pasadena, 
Calif. 
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Missile component undergoes shake test at Federal Telecommunication Labora- 


tories in Nutley, N. J. 


A recent announcement crediting 
accuracy of the Army’s Lacrosse sur- 
face-to-surface missile to its precise 
guidance system, developed by Fed- 
eral Telecommunication Laboratories, 
Inc., has focused attention on this re- 
search division of International Tele- 
phone & Telegraph Corp., a major 
supplier of missile “brains.” 

With acceptance of the Lacrosse 


Race Into Space 
(CONTINUED FROM PAGE 39) 


highly reactive substances in ramjets 
be justified in preference to the more 
conventional hydrocarbon fuels. 

® To Berl and Renich, the physical 
state of the ramjet fuel was of no 
fundamental significance. Robert L. 
Wolf and James W. Mullen of Experi- 
ment, Inc., disagreed, feeling that 
solid fuels offer some definite advan- 
tages over liquids for ramjet operation. 

From their study of solid-fuel ram- 
jets, the authors decided that under 
certain conditions solid ramjets showed 
superior performance. addition, 
they were simpler and therefore more 
reliable. Under the sponsorship of 
Navy BuOrd and the Applied Physics 
Lab of Johns Hopkins, Experiment, 
Inc., conducted actual flight tests with 
solid ramjets. The results of these 
tests, according to the authors, support 
the argument for such vehicles. 

Moreover, they added, two types of 
fuel charges are now available in a 
sufficiently advanced developmental 
state to warrant consideration in cur- 
rent application studies. Both types 
consist of finely powdered fuel (mag- 
nesium) mixed with small amounts of 
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guidance system by the Army, FTL 
engineers, together with Martin and 
Cornell Lab, have turned their atten- 
tion to modifications and improve- 
ments, adding mobility, range and ac- 
curacy. 

In addition to Lacrosse, FTL has 
had a hand in the Bomarc, Rascal and 
Talos guidance systems with more in 
the future. 


inorganic oxidizer (sodium nitrate), 
and molded under pressure into the 
desired geometric shape. One is an 
annular charge; the other, a modifica- 
tion, is a split-flow annular charge. 

Among possible applications for 
solid-fuel ramjets, the authors sug- 
gested air-to-air, air-to-ground, ground- 
to-air, ground-to-ground and intercon- 
tinental missiles; flat trajectory, high- 
penetration antitank ordnance; simple 
projectiles for saturation bombard- 
ment beyond rocket range; and carrier 
vehicles for aerodynamic test models. 

In the so-called race to space, em- 
phasis today is being placed on the 
development of better propellants and 
powerplants. Important as power is, 
it is not enough by itself to take man 
into and through space. 

¢ Future space travelers, said Peter 
A. Castruccio of Westinghouse, will 
still face the problem of guiding their 
flight and of establishing and maintain- 
ing reliable communication channels 
with their home bases and with other 
space travelers. While both problems 
are difficult, they are not unsolvable. 


Loran System Might Work 


For interplanetary navigation, Cas- 
truccio suggested that a Loran (long 


range navigation) system might work, 
provided that it would operate in three 
dimensions instead of the present two, 
Such a set-up would require at least 
four omnidirectional transmitting bea- 
cons in known orbits around the sun. 
The position of the ship within the 
solar system then could be determined 
by measuring the differences in the 
times of arrival of pulses issued by the 
four beacons, which would transmit 
pulses correlated in time as in the 
present Loran system. 

With present state of the art, and 
assuming perfect conditions, effective 
range of omnidirectional transmission 
could reach 47 billion miles, said the 
author. By 1970, he believes, this 
range will be improved by a factor of 
10. 

In communication, the problem be- 
comes somewhat more difficult. The 
base-to-ship range for omnidirectional 
transmission and reception on voice 
communication with present equip- 
ment, Castruccio calculates, is 1.4 mil- 
lion miles. He believes this could con- 
ceivably be increased to 50 million 
miles by 1970. Greater ranges could 
be achieved with code communication, 
he noted. 

Ship-to-base communication, on the 
other hand, suffers from the limitations 
of power and weight of airborne equip- 
ment. Thus restricted, the voice range 
from ship to base, Castruccio  esti- 
mated, will be about 16 million miles. 

With the development in techniques 
anticipated by 1975, the maximum 
range attainable for a pulsed com- 
munication system will be about 1 
trillion miles (or 0.176 light years). 
This is inadequate for communication 
to the nearest stars, Castruccio noted, 
but it should suffice for setting up 
communication links within the planets 
of our solar system. 


Interplanetary Navigation 


Interplanetary navigation is cer- 
tainly a more spectacular subject than 
intercontinental navigation, but it is 
also a less important one, at least for 
the present. Missile men today are 
more concerned with getting un- 
manned vehicles from one point to 
another here on earth. To them, the 
important question is: What is going 
on in the development of present guid- 
ance systems? 

© One of the newest systems in this 
field is inertial guidance.  In_ his 
analysis of an inertial guidance system, 
D. B. Duncan, Autonetics Div. of 
North American Aviation, considered 
the problem of guiding spherical 
nonrotating body. His investigation, 
Duncan reported optimistically, leads 
to the supposition—borne out by ex- 
periments so far—that improvements 
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in inertial instruments, in accuracy of 
initial alignments, and so on will pay 
off directly in enhanced guidance ac- 
curacy without any foreseeable limit. 

e improvement in the accuracy of 
initial alignment is not the only prob- 
lem in the way of better inertial guid- 
ance systems. Equally important, 
said Robert E. Roberson of Autonetics, 
is improvement in the calculation of 
impact points, particularly for long- 
range ballistic rockets. 


Oblateness Raises Problems 


One of the big problems here, said 
Roberson, is that the earth is oblate, 
and not spherical as it should be. (It 
would be even better, of course, if it 
were flat.) Given a set of initial con- 
ditions (position and inertial vector 
velocity), it would be comparatively 
easy for guidance men to determine 
a ballistic trajectory over a spherical 
earth. But an oblate earth, even if it 
has the same mass, exerts a different 
force on the rocket and, as a result, 
alters its path. 

To determine this oblateness effect, 
many missile men have approached the 
problem numerically, using high- 
speed digital computation. This is the 
popular method of attacking the prob- 


lem and it has proved fruitful. But 
there are times, Roberson noted, when 
an analytical approach would be 
better. And, in his paper, “Oblate- 
ness Correction to Impact Points of 
Ballistic Rockets,” the author de- 
veloped an analytical method which 
he believes will prove both workable 
and practical. 


In General 


In all, 62 papers were scheduled for 
presentation at the 12th Annual ARS 
Meeting. This does not include papers 
from the classified session on liquid 
rocket propellants. In addition there 
was a special panel discussion on the 
International Geophysical Year. 

The purpose of any ARS meeting, 
of course, is to bring members up to 
date on the state of the art. But this 
particular meeting, coming as it did 
on the heels of Russia’s recent satellite 
successes, actually served a dual pur- 
pose. Not only did it acquaint those 
attending with many significant de- 
velopments in almost every aspect of 
rocket and missile technology, but, 
even more important, it indicated 
quite clearly that the U.S.S.R. is a 
long way from being the winner in the 
race into space. 


OF GASES 


“PAT, PEND.” 


DEHYDRATION 


HI-LO PRESSURES 
HI-LO FLOWS 


V New Leakproof Design—Chambers and 
Cartridges ‘‘O” Ring sealed, no possibility 
of gas bypassing the cartridge. 


V No tools required to change cartridge or 
Mechanical Filter Element for cleaning. 


| Stainless Steel 
Ball and Race 


2 Chrome Alloy 


3 Bronze Race and 
Chrome Steel Ball 


CHARACTERISTICS 


ANALYSIS 


Steel Ball and Race 


Air Force To Activate 
Long-Range Missile Unit 


The Air Force has scheduled activa- 
tion of the first Snark guided missile 
squadron early in 1958. This is the 
first intercontinental guided missile to 
come into operational use. The squad- 
ron will be assigned to the Strategic 
Air Command. 

Missile units will be so positioned 
as to reduce problems of noise and 
insure that missiles, if fired, will not 
pass over heavily populated areas. 
Missiles will not be launched from 
operational sites except in case of war. 
Crews will practice actual firing at an 
established range, such as_ Patrick 


AFB. 


Missile Marker 


The Army has approved issuance 
of a special badge to personnel who 
qualify as basic, first-class and expert 
missilemen. The badge will be in the 
form of a component bar inscribed 
with the word “Missile” and will be 
attached to the appropriate basic 
qualification badge. Criteria for the 
different ratings have not yet been 
established. 


ROD END 


PATENTED US & 
All World Rights Reserved 


RECOMMENDED USE 
\For types operating under high temper- 
j ature (800-1200 degrees F.). 


\For types operating under high radial 
jultimate loads (3000-893,000 Ibs.). 

\For types operating under normal loads 
j with minimum friction requirements 


Thousands in use. Backed by years of service life. Wide variety 
of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 
siinilar size range with externally or internally threaded shanks. 
Our Engineers welcome an opportunity of studying individual 
requirements and prescribing a type or types which will serve 
under your demanding conditions. Southwest can design special 
types to fit individual specifications. As a result of thorough 
study of different operating conditions, various steel alloys 
have been used to meet specific needs. Write for revised Engi- 


V Manual or Automatic Units. Portable, sta- 
tionary or airborne installations. 


WRITE FOR 


AVIATION 


1735 W. FLORENCE AVE. 


LOS ANGELES 47, CALIF. 


BULLETIN 


neering Manual describing complete line. 


SOUTHWEST PRODUCTS CO. 


Dept. AST-58. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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VARIABLE FREQUENC 

PRECISE 
Generator mounted controls 

CURRENT include reset buttons, limit 
switch. Motor and generator 
remain stationary. Variable 

for your 

TESTING 

NEEDS! 


drive pulley adjustment con- 
trolled by small motor. Remote 
control panels available. 


Units can be equipped with 
synchronous motor starter and 
magnetic amplifier, auto- 
matic voltage regulator 


KATO 400 CYCLE 
MOTOR GENERATOR SETS 
( NOW UP TO 250 KWI 
KATO MOTOR GENERATOR 
me! SETS are available in frequencies, 
speeds and sizes for every special- 


INPUT 
: ized use . . . operating high cycle 60 CYCLES 
tools, testing components an 
electronic equipment 


WRITE FOR NEW FOLDER! 


Builders of Fine Electrical Machinery Cinee 1928 


: 1498 First Ave., Mankato, Minn. 


* 


OUTPUT 
400 CYCLES 


... Molded 

... machined 

... extruded 

4 . developed 

5 to your needs 


Unsurpassed resiliency at 

—320°F is offered in our espe- 
cially processed Kel-F* for 
rocket and missile seals. Sheets 
and tubes to 18-inch diameter 
are available, exhibiting unusual 
clarity and a minimum of cold 
flow throughout the ambient 
range. 

Our engineering department 
is available to work with you 
on your Kel-F* and TEFLON* 
problems. 

We are approved to work 
under all military and commer- 
cial specifications. 


THE 


FLUOROCARBON 


COMPANY 


1206 East Ash Avenue 
Fullerton, California 
Telephone LAmbert 5-3563 


#U.S. TRADEM 


ARK 
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BURROUGHS SYSTEM STUDIES... 
MORE AIR DEFENSE INSURANCE 


ONCE AGAIN ELECTRONIC COMPUTATION AT 
WORK HELPS RESOLVE A VITAL PROBLEM 


Freezing enemy air assaults at “real time’’ speed— 
if and when they should come—is a must of modern 
defense. And high speed computation applied 
through a System Study makes this possible. 

Suppose, for example, enemy air armadas are 
jetting in on target from several “‘o'clocks’’ at once. 
How do we gauge their speed, location and relative 
priority . . . then assign the best available weapon 
to obtain the kill? 


The U.S. Army Signal € orps handed Burroughs 
Corporation this objective. We examined the mili 
tary problem and developed a tactical analyzer 
known as MATABE (Multi-weapon Automatic Target 
and Battery Evaluator). Using MATABE, Burroughs 
Corporation is continuing this System Study which 
will determine the ultimate defensive weapon system 

In such System Studies, again you see Burroughs 
at work, analyzing and resolving problems for the 
military—and for civilian industry, too. 

Inquiries for further System Studies are welcomed 
in any and all areas of our proved competence. 
Write, call or wire Burroughs Corporation, Defense 
Contracts Organization, Detroit 32, Michigan. 


BURROUGHS 


CORPORATION 


THE FOREMOST NAME IN COMPUTATION 
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CONVAIR-Astronautics: shedding lig 


“.. The time is bound to come when man will venture ever deeper into space — 
not to win wars on earth but to battle the limitless challenge of the universe. 


ht on the mysteries of space 


— General Thomas S. Power, Commander in Chief, Strategic Air Command. 


CONVAIR 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
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